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1.0 INTRODUCTION

1.1 SCOPE AND PURPOSE

This Bench-Scale Treatability Study Report for Naval Construction Battalion Center (NCBC) Gulfport, Site
8, Herbicide Orange Study Area (Site 8) has been prepared by Tetra Tech NUS, Inc. (TtNUS) for the
Southern Division Naval Facilities Engineering Command (SOUTHDIVNAVFACENGCOM) under the
Navy Comprehensive Long-Term Environmental Action Navy (CLEAN) Program, Contract Number
N62467-94-D-0888, Contract Task Order (CTO) 0143. This treatability study was conducted in
accordance with the Work Plan, Bench-Scale Soil/Sediment Treatability Study, Site 8, Herbicide Orange
Study Area (TtNUS, 2000a).

The purpose of this report is to describe the various testing activities of the soil ash and sediment
stabilization bench-scale treatability study, present the results of these activities, and provide the

conclusions and recommendations drawn from these results.
1.2 SITE HISTORY AND PROJECT BACKGROUND

Site 8 occupies approximately 30 acres in the north central section of NCBC Gulfport. From 1968 to
1977, the site was used by the U.S. Air Force (USAF) for the storage of approximately 850,000 gallons of
Herbicide Orange (HO) in 55-galion drums. It was originally believed that only 12 acres of the site,
designated as Site 8A, had been used for HO storage, but two additional storage areas were later
identified, including 17-acre Site 8B and 1-acre Site 8C. Figure 1-1 shows the location of Sites 8A, 8B,
and 8C [ABB Environmental Services (ABB-ES), 1998].

The main chemical of concern at the site is 2,3,7,8-tetrachlorodibenzo-p-dioxin, or TCDD, which is a
manufacturing impurity of the HO. In this document, TCDD and the other dioxins found in HO will be

collectively referred to as “dioxin.”

in 1977, the USAF disposed of the entire HO inventory by high-temperature incineration at sea. FroT
1987 to 1988, a quantity of dioxin-contaminated soil was treated on-site by high-temperature incineration
and the resulting ash were stored on Site 8A. This ash meets the dioxin delisting concentration criterion
of 1.0 microgram per kilogram (pg/kg) set by the Mississippi Department of Environmental Quality
(MSDEQ, 1997).
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As a result of the spills and leaks that occurred during the years of HO storage, dioxin has migrated from
Site 8 to the system of on-base ditches which drains surface runoff from the site and to the off-base
swampland located across 28" Street from Outfall 3. Since dioxin has an affinity for soil and is not readily
water soluble, this migration has primarily occurred through the erosion and transportation of
contaminate& soil from the site and the deposition of this soil in the sediment of the on-base ditches and

off-base swampland.

Site 8 is also currently used to store construction debris and dioxin-contaminated sediment excavated
from ditches as part of removal actions conducted during the widening of 28" Street in 1995 and the 1997

upgrading of the sediment recovery trap (SRT) system located in the on-base drainage ditches.

The currently proposed remedial approach for the contaminated soil and sediment is to excavate dioxin-
contaminated sediment from on-base drainage ditches and off-base swampland and to consolidate the
excavated material on Site 8A with the incinerated soil ash and construction debris. The consolidated

material would then be stabilized, capped and the capped area used as a parking and storage area.

13 VOLUMES OF CONTAMINATED MEDIA

Based upon an agreed-upon soil/sediment remedial goal of 50 nanograms per kilogram (ng/kg) dioxin,
computations performed as part of this treatability study estimated that a total of approximately 58,600

cubic yards (yd3) of contaminated media will have to be excavated and consolidated at Site 8A, including

the following:
Material Estimated Volume
(yd’)
Site 8A Incinerated Soil Ash 21,000
Site 8A Construction Debris 600"
On-Base Ditches Contaminated Sediment 24,000
Off-Base Swampland Contaminated Sediment 13,000
Total 58,600
(1) Based upon the Remediation Planning Document [Harding Lawson Associates, Inc. (HLA), 2000]

2) Based upon the Remediation Planning Document (HLA, 2000) and TtNUS Field observations and

measurements.

For the purpose of this report, the mixture of the above-listed media in proportion to their estimated
volumes is referred to as the Material Blend. Detailed computations of estimated volumes of

contaminated on-base ditch sediment are presented in Appendix A.
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14 STUDY OBJECTIVES

The purpose of the bench-scale treatability study was to determine whether the contaminated media
identified in Section 1.3 can be excavated and placed on Site 8A in such a manner that the consolidated
Material Blend is suitable to support a structural cap. The area to receive the structural cap will ultimately
be used for the parking and storage of heavy construction equipment. It was assumed that the structural
cap would be designed to support Highway 20 (H20) loading, as defined by the American Association of
State Highway and Transportation Officials (AASHTO, 1973). The consolidated material must therefore
have sufficient load-bearing capacity to support the structural cap and H20 loading. To determine this,
the consolidated Material Blend was evaluated for compaction and load-bearing characteristics during

this treatability study.
The objectives of the bench-scale treatability study were as follows:
e Determine the compaction and load-bearing characteristics of the Material Blend.

+ Determine if and to what extent the compaction and load-bearing characteristics of the Material Blend

are affected by an increase in the content of its weakest component, i.e., sediment.

+ Determine if and to what extent the compaction and load-bearing characteristics of the Material Blend

are improved by amendment with binding/stabilization agents.

15 STUDY PLAN

To achieve the above objectives, the following sequential tasks were planned for the bench-scale

treatability study:
¢ Computation of volumes of contaminated media as presented in Section 1.3.

¢ Collection of representative samples of contaminated media and shipment of these samples to the
TtNUS Pittsburgh testing facility. .

» Pre-testing of samples at the TtNUS Pittsburgh testing facility, including removal of free water,

screening, moisture content measurement, and mixing of the media samples in the proper

proportions to obtain the Material Blend.

110011/P 1-6 CTO 0143
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e First-tier testing of the Material Blend by a specialized geotechnical laboratory (i.e., Geotechnics) to

measure the compaction and load-bearing characteristics.

o Second-tier testing of the Material Blend by Geotechnics:

If the results of the first-tier testing showed the compaction and load-bearing characteristics of the
Material Blend to be acceptable, the second-tier testing was to consist of measuring the

compaction and load-bearing of a Material Blend with increased sediment content.

If the results of the first-tier testing showed the compaction and load-bearing characteristics of the
Material Blend to be unacceptable, the second-tier testing was to consist of measuring the
compaction and load-bearing characteristics of a Material Blend amended with
binding/stabilization agents.

o Third-tier testing of the Material Blend by Geotechnics-Third-tier tests were to gauge the sensitivity of

the results of the second-tier testing of a Material Blend amended with the preferred binding agent by

measuring the compaction and load-bearing characteristics of this amended Material Blend with

increased sediment content.

1.6

DOCUMENT ORGANIZATION

This report is organized into the following seven sections:

Section 1.0 provides this brief introduction.

¢ Section 2.0 describes the field sampling and collection of the materials to be tested.

+ Section 3.0 describes and presents the results of the pre-testing activities, including free water

separation, screening, proportional blending of contaminated media, and measurement of moisture

contents.

e Sections 4.0 to 6.0 describe and present the results of the first-, second-, and third-tier testing,

respectively.

e Section 7.0 presents conclusions and recommendations.

110011/P
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2.0 SAMPLE COLLECTION

Representative samples of incinerated soil ash, on-base drainage ditch sediment, and off-base
swampland sediment were collected. Each of these three media was manually collected using a hand
shovel and containerized separately in U.S. Department of Transportation (DOT) approved 5-galion

plastic buckets labeled to identify their contents.

In addition to the above-listed materials, approximately 10 gallons of Type F fly ash were obtained from a
Gulfport area electric power generating station and approximately 10 gallons of Portland Cement were
also obtained locally for use as binding agents. It should be noted that in the draft version of this report
(TtNUS, 2000b), this Portland Cement had been mistakenly identified as cement kiln dust (CKD), which

has a very similar physical appearance.

The following sections provide a brief description of the incinerated soil ash, on-base ditch sediment, and
off-base swampland sediment collected for the investigation. Photographs of the sampling locations and

materials collected and used during the bench-scale treatability study are presented in Appendix B.

2.1 INCINERATED SOIL ASH

Approximately 50 gallons of incinerated soil ash were collected from the Site 8A location shown on Figure
1-1. The soil ash present at Site 8A is a result of incineration operations that were conducted in the late
1980s to remediate dioxin-contaminated soils at Site 8 (HLA, 2000). The soil ash can be described as a
black, fine-grained silty sand. Gravel has been placed atop the soil ash piles to reduce wind erosion of

the ash. The soil ash present throughout Site 8A is relatively uniform in nature.

2.2 ON-BASE DRAINAGE DITCH SEDIMENT

Approximately 60 gallons of sediment were collected from the on-base drainage ditches at the locations
shown on Figure 2-1. Two different sediment types were observed during sample collection. In the upper
reaches of the drainage ditch system, the prevalent sediment type can be described as a fine-grained
sandy type. In the lower reaches of the drainage ditch system, where free-standing water is observed
year round, material consisting of decayed organic matter and settled fines was observed in the upper
layer of the sediment. The material below the organic fines can be described as saturated sand similar in

type to that found in the upper reaches of the drainage ditch system. Samples of dry and saturated sand,

110011/P 2-1 CTO 0143
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and organic fines were collected. Vegetative matter was observed at varying concentrations in all on-

base ditch sediment samples.

Significant free water was also observed in the on-base ditch sediment. Samples were collected in such
a way as to include an estimated amount of water representative of that expected to remain in the

sediment if the material was removed with typical excavation equipment, such as a gradall.

2.3 OFF-BASE SWAMPLAND SEDIMENT

Approximately 30 gallons of sediment were collected from the off-base drainage system within the
swampland located north of NCBC Gulfport at the locations shown on Figure 2-2. The off-base
swampland sediment can be described as a fine-grained silty clay. Additionally, the off-base swampland

sediment contained small amounts of vegetative matter (e.g., roots, small twigs).
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3.0 SAMPLES PRE-TESTING

Upon receipt of the sample materials at the TINUS Pittsburgh testing facility, free-standing water was
decanted from the sample containers, the material was screened using a %-inch sieve, and the samples
were blended. Additionally, moisture contents were measured for each of the individual soil types and the

resulting Material Blend. A discussion of each of these activities is presented in the following sections.

3.1 FREE WATER SEPARATION

Upon receipt of the on-base sediment, approximately 1 to 4 inches of free-standing water was observed
in the top portions of the 5-gallon buckets that contained the on-base ditch sediment. Prior to screening
and blending, free-standing water was decanted from these containers. Water was removed in such a
way as to approximate the volume of water that would be removed through dewatering during full-scale
oberations. No free-standing water or excessive moisture was observed in the buckets that contained off-

base swampland sediment or soil ash, due to dry field conditions.

3.2 SCREENING

Prior to blending, each material type was screened through a % -inch sieve to remove oversized particles
and debris. For the soil ash, oversized material remaining on the sieve consisted primarily of the gravel
that was placed atop of the Site 8A soil ash piles to prevent wind erosion. For the off-base swampland
and on-base ditch sediment, oversized material consisted primarily of root and other vegetated matter.
Because screening of the on-base ditch sediment yielded very little oversized material and proved to be a
relatively sloppy operation, only about half of that sediment was screened. On average, approximately 5

percent by volume of the screened material was retained on the 3-inch screen.

3.3 BLENDING

After screening, each material type (i.e., soil ash, off-base sediment, and on-base sediment) was blended
separately in a small-scale rotary-type concrete mixer to create a representative blend for each soil type.
For example, the ten, 5-gallon containers of soil ash were placed in the cement mixer and mixed for
approximately 15 minutes to create a uniform mixture. The blend of off-base swamp sediment was also

prepared in a similar manner. A photograph of the concrete mixer is presented in Appendix B.
The on-base ditch sediment mixture was created using a blend of the following volumetric fractions:

saturated sand-60 percent; dry sand-20 percent; and saturated fine-grain silty clay-20 percent. Based on

drainage ditch field measurements and field observations, this estimate is believed to be representative of

110011/P 3-1 ) CTO 0143



the 24,000 cubic yards of on-base sediment that is to be excavated. A detailed computation of this

estimate is provided in Appendix A.

Upon completion of mixing, each soil type was placed in a 55-gallon drum for use in later phases of

bench-scale testing.

Based on the volumes of contaminated media estimated in Section 1.3, the Material Blend was created

using the following proportions of soil ash, on-base ditch sediment, and off-base swampland sediment.

Material Estimated Volume Percent of Material Blend
(yd®)
Site 8A Incinerated Soil Ash 21,000 36.2
On-Base Ditch Sediment 24,000 414
Off-Base Swampland Sediment 13,000 224
Total 58,000 100
34 MOISTURE CONTENT MEASUREMENTS

After blending, the moisture content of the three individual contaminated media and of the Material Blend
were measured in accordance with the American Society for Testing and Materials (ASTM) Method

D2216. The results of the moisture content testing are provided as follows:

Material Moisture Content
(Yowt)
Soil Ash 7.2
On-Base Ditch Sediment 24
Oft-Base Swampland Sediment 16.3
Material Blend 18.3

A copy of ASTM Method D2216 is provided in Appendix C. Moisture content measurement data sheets
are provided in Appendix D.
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4.0 FIRST-TIER TESTING

4.1 INTRODUCTION

The purpose of the first-tier testing was to determine whether the pre-treated Material Blend (i.e., after
removali of free water and screening) would have compaction and load-bearing characteristics that satisfy
the AASHTO H20 loading criteria and could thus be consolidated on Site 8A without further treatment. To
this effect, the pre-treated Material Blend was submitted to Geotechnics to measure moisture-density

relationship and California Bearing Ratio (CBR).

The CBR test was selected for use during this bench-scale treatability study because this test provides
one of the most commonly used criterion for determining of the load-bearing capacity of treated or
untreated soil. A CBR measurement of 20 was selected as a gauge of acceptance or failure since this

value is typically considered as a threshold value for satisfying the AASHTO H20 loading criteria.

4.2 MOISTURE-DENSITY RELATIONSHIP TEST

The as-received/as-mixed moisture content of the pre-treated Material Blend was first measured to be
20.3 percent by weight in accordance with ASTM Method D2216.

The moisture-density relationship of the pre-treated Material Blend was then determined in accordance
with ASTM Method D698 (Procedure B) to determine optimum moisture content and maximum dry

density. Results of this test can be summarized as follows:

Material Blend Optimum Moisture Content Maximum Dr):(3 Density
(Wt %) (Ibs/ft’)
GFP-08-MB-01 12.8 113.2

A copy of ASTM Method D698 is provided in Appendix C. Detailed laboratory data sheets for the first-tier

moisture-density relationship test are provided in Appendix E.

4.3 CALIFORNIA BEARING RATIO TESTS

The CBR of the pre-treated Material Blend was measured in accordance with ASTM Method D1883
(Molding Procedure C, as per ASTM Method D698) under both as-mixed (i.e., 20.3% moisture) and

optimum (i.e., 12.8% moisture) conditions. Results of these tests can be summarized as follows:
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Material Blend As-Molded As-Molded | As-Molded % cBR"
Moisture Content Density of Max. Dry
(Wt%) (Ibs/it®) Density 0.1” penetration | 0.2" penetration
As-Mixed Conditions | 20.3 101.2 894 1 1
Optimum Conditions | 12.8 107.3 94.8 12 12

(1) CBR values are rounded to the nearest whole number if below 20 and to the nearest 5 if above 20.

A copy of ASTM Method D1883 is provided in Appendix C. Detailed laboratory data sheets for the first-

tier CBR tests are provided in Appendix E.

4.4 CONCLUSIONS

The following conclusions were drawn from the above test results:

110011/P

Under as-mixed conditions, the moisture content of the pre-treated Material Blend was measured
between 18.3 and 20.3 percent (by weight), which is significantly higher than the 12.8 percent value

that was determined to be optimum for compaction.

Under as-mixed moisture conditions (i.e., 20.3%), the CBR of the pre-treated Material Blend was 1,
which is considerably lower than the 20 that is typically considered as a threshold value for satisfying
the AASHTO H20 loading criteria. Therefore, under as-mixed conditions the pre-treated Material

Blend is unacceptable for consolidation under a structural cap at Site 8A.

Since the load-bearing characteristics of the Material Blend are unsuitable under as-mixed moisture
conditions (i.e., 20.3%), a decision was made not to test the impact of an increase in the proportion of
the sediment content of the Material Blend, since such an increase would result in a higher moisture

content and deteriorate load bearing characteristics even further.

Under optimum moisture conditions (i.e., 12.8 %), the CBR of the pre-treated Material Blend
increased to 12, which is much improved but still significantly below the threshold value of 20.
Therefore, even under optimum moisture conditions the pre-treated Material Blend would still not be

acceptable for consolidation under a structural cap at Site 8A.

Reducing the moisture content of the Material Blend from its as-mixed value of 20.3 percent to its
optimum value of 12.8 percent would probably require relatively complex and costly mechanical

dewatering operations with equipment such as filter presses or vacuum filters.
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5.0 SECOND-TIER TESTING

5.1 INTRODUCTION AND DESIGN MIXES

As concluded from the results of the first-tier testing, the load-bearing characteristics of the pre-treated
Material Blend must be improved if this material is to be acceptable for consolidation under a structural
cap at Site 8A. It was judged that the simplest and most economical method to achieve this improvement

is the addition of a binding agent.

Accordingly, the purpose of the second-tier testing was to determine what type and quantity of binding
agent would have to be added to increase the CBR of the Material Blend above the threshold value of 20.

Two types of binding agents were selected for testing: Type F fly ash and Portland Cement. These

agents were selected based upon past experience with similar projects, local availability, and cost.

As noted earlier, it had originally been planned to use CKD rather than Portland Cement as the second
test binding agent (TtNUS, 2000a) and, as indicated in the draft version of this report (TtNUS, 2000b), it
was believed that 10 gallons of CKD had been obtained locally for this purpose. However, post-testing
inquiries revealed that the locally obtained material had in fact been Portland Cement that has a very
similar physical appearance to CKD. Nevertheless, since not only the physical appearance but also the
pozzolanic characteristics of Portland Cement are similar to those of CKD, substitution of one binding

agent for the other did not in fact constitute a significant deviation in testing procedures.

The following design mixes were prepared and tested for moisture-density relationship and CBR by

Geotechnics:

Design Mix No. Composition

(%, by weight)
GFP-08-MB-02-FA0O5 | 95% Material Blend + 5% Fly Ash
GFP-08-MB-02-FA10 | 90% Material Blend + 10% Fly Ash

"GFP-08-MB-02-FA15 | 85% Material Blend + 15% Fly Ash
GFP-08-MB-02-PCO05 | 95% Material Blend + 5% CKD
GFP-08-MB-02-PC10 | 90% Material Blend + 10% Portland Cement
GFP-08-MB-02-PC15 | 85% Material Blend + 15% Portland Cement

5.2 MOISTURE-DENSITY RELATIONSHIP TESTS

The moisture-density relationship of the above-listed design mixes was measured in accordance with
ASTM Method D698 (Procedure B). Results of these tests can be summarized as follows:
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Design Mix No. Optimum Moisture Content Maximum Dry

(%wt) Density (Ibs/ft°)
GFP-08-MB-02-FA05 12.6 111.9
GFP-08-MB-02-FA10 12.9 110.8
GFP-08-MB-02-FA15 12.7 109.1
GFP-08-MB-02-PCO05 13.4 112.2
GFP-08-MB-02-PC10 13.7 112.0
GFP-08-MB-02-PC15 13.6 111.9

Detailed laboratory data sheets for the second-tier moisture-density relationship tests are provided in

Appendix F.

5.3 CALIFORNIA BEARING RATIO TESTS

The CBR values of the above-listed design mixes were measured under as-mixed, or as-molded,
moisture conditions in accordance with ASTM Method D1883 (Molding Procedure C as per ASTM Method

D698). Results of these tests can be summarized as follows:

As-Molded As-Molded | As-Molded cBrt"
Design Mix No. Moisture Content | Dry Denasity % of Ma).(. 0.1 0.7
(wi%) (lbs/it’) Dry Density penetration | penetration

GFP-08-MB-02-FAQ5 19.5 102.9 92.0 1 1
GFP-08-MB-02-FA10 176 103.9 93.8 1 2
GFP-08-MB-02-FA15 16.7 103.4 94.8 2 3
GFP-08-MB-02-PC05 18.9 104.9 93.5 35 40
GFP-08-MB-02-PC10 17.3 107.8 96.3 105 115
GFP-08-MB-02-PC15 17.2 110.0 98.3 160 180

(1) CBR values are rounded to the nearest whole number if below 20 and to the nearest 5 if above 20

Detailed laboratory data sheets for the second-tier CBR tests are provided in Appendix F.

5.4 CONCLUSIONS

The following conclusions were drawn from the above test results:

e The addition of fly ash did not appreciably improve the load bearing capacity of the Material Blend.
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e The addition of Portland Cement significantly improved the load-bearing characteristics of the
Material Blend. The addition of as little as 5 percent (by weight) of Portland Cement increased the
CBR from approximately 1 to approximately 35 under as-mixed/as-molded moisture conditions. This
is significantly above the threshold value of 20 that would meet the AASHTO H20 loading criteria.
The addition of 10 and 15 percent of Portland Cement increased the CBR value even further.

e The addition of Portland Cement can make the Material Blend acceptable for consolidation under a

structural cap at Site 8A.
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6.0 THIRD-TIER TESTING

6.1 INTRODUCTION AND DESIGN MIXES

As concluded from the results of the second-tier testing, the addition of a relatively small amount of
Portland Cement (i.e., 5 to 10 percent) can improve the load-bearing characteristics of the Material Blend
to the extent that the amended Material Blend exceeds the AASHTO H20 loading criteria.

Accordingly, the purpose of the third-tier testing was to gauge the sensitivity of the second-tier testing
results to possible variations in the Material Blend composition as are likely to be experienced during full-
scale remediation operations. In particular, third-tier testing was geared towards evaluating the impact of
a significant increase in the proportion of sediment in the Material Blend, which is a likely occurrence
under field conditions.

The following design mixes were prepared and tested for moisture-density relationship and CBR by
Geotechnics: .

Design Mix No. Composition

(%, by weight)
GFP-08-MB-03-PC05-SD15 80% Material Blend + 15% Sediment + 5% Portland Cement
GFP-08-MB-03-PC05-SD30 65% Material Blend + 30% Sediment + 5% Portland Cement
GFP-08-MB-03-PC10-SD15 75% Material Blend + 15% Sediment + 10% Portland Cement
GFP-08-MB-03-PC10-SD30 60% Material Blend + 30% Sediment + 10% Portland Cement

In addition, in order to provide additional geotechnical data on the Material Blend amended with Portland
Cement with or without added sediment, the above-listed design mixes and two of the second-tier design
mixes (GFP-08-MB-02-PC05 and GFP-08-MB-02-PC10) were tested for 3- and 7-day Unconfined
Compressive Strength (UCS) by Geotechnics.

6.2 MOISTURE-DENSITY RELATIONSHIP TESTS

The moisture-density relationship of the above-listed design mixes was measured in accordance with

ASTM Method D698 (Procedure B). Results of these tests can be summarized as follows:
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Design Mix No. Optimum Moisture Content Maximum Drg
(Y%owt) Density (Ibs/ft”)
GFP-08-MB-03-PC05-SD15 13.5 113.2
GFP-08-MB-03-PC05-SD30 13.1 114.6
GFP-08-MB-03-PC10-SD15 13.0 114.2
GFP-08-MB-03-PC10-SD30 13.3 113.3

Detailed
Appendix G.

6.3

CALIFORNIA BEARING RATIO TESTS

laboratory data sheets for the third-tier moisture-density relationship tests are provided in

The CBR values of the above-listed design mixes were measured under as-mixed/as-molded Moisture
conditions in accordance with ASTM Method D1883 (Molding Procedure C as per ASTM Method D698).

Results of these tests can be summarized as follows:

As-Molded As-Molded | As-Molded % cBr™"
Design Mix No. Moisture Content Maximur.n of Max.. Dry 01" 02"
(Wt%) Dry Densslty Density penetration | penetration
(Ibs/ft)
GFP-08-MB-03-PC05-SD15 19.8 103.8 91.7 60 55
GFP-08-MB-03-PC05-SD30 22.3 98.6 86.0 45 35
GFP-08-MB-03-PC10-SD15 20.4 103.8 90.9 115 110
GFP-08-MB-03-PC10-SD30 219 1011 89.2 155 140

(1) CBR values are rounded to the nearest whole number if below 20 and to the nearest 5 if above 20.

Detailed laboratory data sheets for the third-tier CBR tests are provided in Appendix G.

6.4

UNCONFINED COMPRESSIVE STRENGTH TESTS

The 3- and 7-day UCS of the above-listed design mixes was measured under as-mixed moisture

conditions in accordance with ASTM Method D2166. Results of these tests can be summarized as

follows:
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Design Mix No. 3-Day ucs"” 7-Day ucs™"
Load (Ibs) Stress (psi) Load (lbs) Stress (psi)
GFP-08-MB-02-PC05 199 28 402 57
GFP-08-MB-02-PC10 422 60 558 79
GFP-08-MB-03-PC05-5D15 154 22 279 39
GFP-08-MB-03-PC05-5SD30 113 16 283 40
GFP-08-MB-03-PC10-SD15 313 44 1192 164
GFP-08-MB-03-PC10-SD30 276 39 509 72

(1) UCS values are rounded to the nearest whole number.

A copy of ASTM Method D2166 is provided in Appendix C. Detailed laboratory data sheets for the UCS

tests are provided in Appendix G.

6.5 CONCLUSIONS

The following conclusions were drawn from the above test results:

e The 7-day UCS values of the Material Blend amended with either 5 or 10 percent Portland Cement
are above the 50 pounds per square inch (psi), that is typically considered to be the threshold value
for satisfying the AASHTO H20 loading criteria. Therefore, the results of the UCS tests confirm the
results of the CBR tests.

e A significant increase in sediment content (i.e., 15 to 30%) has no appreciable negative effect on the
CBR values of the Material Blend amended with either 5 or 10 percent Portland Cement, which

remain acceptable.

e Material blend samples amended with additional sediment and 5 percent Portland Cement achieved
7-day UCS values below the 50 psi threshold value; however, it is judged that these samples would
likely achieve 50 psi after 28 days of curing. Material blend samples amended with additional

sediment and 10 percent Portland Cement achieved 7-day UCS values greater than 50 psi.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The following conclusions were drawn from the results of the bench-scale treatability study:

7.2

The compaction and load-bearing characteristics of the unamended Material Blend do not satisfy the
AASHTO H20 loading criteria.

Decreasing the moisture content of the Material Blend from its as-mixed percentage to its optimum
percentage would most likely require mechanical dewatering and does not sufficiently improve
compaction and load-bearing characteristics to satisfy AASHTO H20 loading criteria.

The amendment of the Material Blend with Type F fly ash does not improve its compaction and load-

bearing characteristics.

The amendmeﬁt of the Material Blend with 5 to 10 percent (by weight) of Portland Cement sufficiently
improves its compaction and load-bearing characteristics to satisfy AASHTO H20 loading. In
particular, the measured CBR and 7-day UCS for these amended Material Blends were significantly
higher than the acceptable threshold values for these criteria.

The compaction and load-bearing characteristics of the amended Material Blend are not unduly
sensitive to an increase in sediment content, which is the most likely variation in the composition of
the Material Blend to occur under field conditions. An increase of up to approximately 20 percent (by
weight) in the sediment content of the amended Material Blend did not decrease the CBR but did
result in lower UCS values. In the case of the Material Blend amended with 5 percent Portland
Cement, an increase in sediment content lowered the measured 7-day UCS below the 50 psi
threshold value. However, it is judged that these samples would likely achieve 50 psi after 28 days of

curing.

RECOMMENDATIONS

The following recommendations are made based upon the results of the bench-scale treatability study:

The Material Blend should not be consolidated under a structural cap at Site 8A without amendment

using a binding agent. -
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e The Material Blend should be amended with 5 to10 percent by weight of Portland Cement prior to
placement under the Site BA structural cap.

e A pilot-scale treatability study should be performed to verify the technical feasibility, and identify the
best-suited methods, of implementing the findings of the bench-scale treatability study on a scale
representative of actual remedial operations. As part of this pilot-scale treatability study, additional
testing should be performed to determine whether free water needs to be removed from the
excavated sediment, since this free water may not adversely impact the compaction and load-bearing

characteristics of the amended Material Blend.
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Calculation Worksheet Page 1 of 5
Client: Job Number

NCBC Gulfport NO567

Subject:

Volume of Contaminated On-Base Sediment Calculation

Based On:

TtNUS Field Measurements and Observations; HLA Areal Extent of Contamination

By: Checked By: Date:

J. Brown .&ﬁhk W-3-00 November 2, 2000
Purpose: 1. To estimate the volume of on-base sediment in the drainage ditch system

originating from Site 8.
2. To estimate the composition of dry sand, saturated sand, and organic fines in
the on-base sediment to be excavated.

Approach: The following approach is taken:

+ The area of impacted sediment (delineated to 50 ppt) as presented in HLA, 2000 is assumed.
This area of impacted sediment is illustrated in Figure A-1.

e Dimensions of drainage ditches were measured in August 2000. The width of the drainage
ditch and the vertical depth from the top of bank to the top of ditch sediment were measured.
Additionally, an estimate of the depth of sediment that would be excavated was made at this
time. These measurements/estimations are presented in Table A-1. A cross section of the
drainage ditch is provided in Figure A-2.

e The drainage ditches were segmented based on locations where field measurements were
taken. Based on field measurements, field observations, and the areal extent of
contamination assumed in HLA, 2000, volumes were calculated. The composition of dry
sand, saturated sand, and organic fines were estimated based on the assumptions listed in

the following section.
Assumptions: The following assumptions are made:

e The drainage ditch has a cross section as presented in Figure A-2 with 45-degree side
slopes.

* On the sides of the drainage ditches, a 1-foot depth of excavation is assumed.

e The bottom third of the drainage ditch side is comprised of saturated sand and the top two

thirds is comprised of dry sand.

+ Organic fines are assumed to be located in the top 1 foot of sediment in the lower reaches of
the drainage ditch system (areas where standing water is present year round). Below the
organic fines, the sediment is assumed to be comprised of saturated sandy soil.

Equations: Equations used in the calculation are presented in Figure A-2.




Calculation Worksheet Page 2 of 5

Client: Job Number
NCBC Gulfport NO567

Subject:
Volume of Contaminated On-Base Sediment Calculation

Based On:
TtNUS Field Measurements and Observations; HLA Areal Extent of Contamination

By: . Checked By: Date:
J. Brown .&x\m -3-00 November 2, 2000

Calculations: Calculations are presented in Table A-1. The results are summarized as follows.
Volume of On-base Sediment = 24,200 cubic yards

Composition of On-base Sediment

Dry Sand 18.8 percent ~ 20 percent

Saturated Sand 62.6 percent ~ 60 percent

Organic Fines 18.7 percent ~ 20 percent
References:

Harding Lawson Associates, 2000. Remediation Planning Document (Site 8). Naval
Construction Battalion Center, Gulfport, Mississippi, August.
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Assumptions

- Thickness of excavation on sides of ditches (ft) = 1
- Thickness of organic fines at base (ft) = 1
|Drainage Area 1
Vertical Depth from Excavation Segment | Volume of | Volumeof | Volume of
Stream Soll Top of Bank to Top of| Thickness (D) | Length (L) [ Sand (Dry) | Sand (Sat) Organic  |Volume Total| Excavation
Segment | Composition | Width (W) Sediment (T){f) {tt) {f) {f13) {ft3) Fines (13 {ft3) Volume (cy)
1 sand 11 2 2 800 © 3,017 12,708 0 15,725 582
2 sand 11 3 2 600 3,394 7,697 0 11,091 411
3 sand 14 3 3 600 3,394 16,097 0 19,491 722
4 sand 10 2 3 200 754 3,977 0 4,731 175
5 sand 9 3 4 690 3,903 10,232 0 14,135 524
& sand 22 4 2 240 1,810 7,625 0 9,435 349
7 sand 16 4 2 740 5,581 14,631 0 20,212 749
8 sand 13 3 2 1050 5,940 17,670 0 23,609 874
9 sand 16 5 2 240 2,263 4,011 0 6,274 232
10 organic/sand 22 5.5 2 900 9,334 14,567 9,900 33,801 1,252
11 organic/sand 22 5 2 430 4,054 - 7,187 5,160 16,401 ‘607
12 organic/sand 30 5 3 2150 20,270 96,135 43,000 159,405 5,804
13 organic/sand 24 5 3 280 2,640 9,160 3,920 15,720 . 582
14 organic/sand 22 5 3. 660 - 6,222 18,951 7,920 . 33,094 1,226
15 organic/sand 21 6 4 300 3,394 9,797 2,700 15,891 589
16 organic/sand 24 5 3 2100 19,799 68,699 29,400 117,898 4,367
17 sand 11 2 3 700 2,640 16,020 0 18,660 691
98,409 335,165 102,000 535,574 19,836
Drainage Area 2
Vertical Depth from Excavation Segment | Volumeof | Volumeof | Volume of
Stream Soil Top of Bank to Top of| Thickness (D) | Length (L) | Sand (Dry) | Sand (Sat) Organic  |Volume Total| Excavation
Segment | Composition | Width (W) Sediment (T)(ft) (ft) (ft) _(ft3) ({t3) Fines (ft3) (ft3) Volume (cy)
A sand 7 2 2 370 1,395 2,918 0 4,313 160
B sand 8 2.5 2 340 1,603 2,841 0 4,444 165
C sand 13 3 2 440 2,489 7,404 0 9,893 366
D sand 11.5 2.5 2 450 2,121 6,911 0 9,032 335
E sand 12 2 2 470 1,772 8,406 0 10,179 377
F organic/sand 8 1.5 2 580 1,640 3,720 2,900, 8,261 306
G organic/sand 23 3- 2 400 2,263 7,931 6,800 16,994 629
H organic/sand 25 5 2 0 - - - - -
1 organic/sand 24 4 2 650 4,903 12,851 10,400 28,154 1,043
J sand 11 2.5 2 830 3,913 11,916 0 15,829 586
K sand 11 2 2 550 2,074 8,737 0 10,811 400
24,173 73,637 20,100 117,910 4,367
Volume of | Volume of | Volume of
Sand (Dry) | Sand (Sat) Organic |Volume Total] Excavation
_(f#t3) (ft3) Fines (ft3 (fi3) Volume (cy)
TOTALS 122,583 408,801 122,100 653,484 24,203
% material 18.8% 62.6% 18.7% 100%
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APPENDIX B

PHOTOGRAPHS



SAMPLING LOCATION - OFF-BASE SWAMPLAND SEDIMENT
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SAMPLING LOCATION - ON-BASE DRAINAGE DITCH SEDIMENT
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APPENDIX C

ASTM TEST METHODS
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‘ ti"’ Designation: D 698 - 91 (Reapproved 1988)

Standard Test Method for

Laboratory Compaction Characteristics of Soll Using
Standard Effort (12,400 ft-Ib#/f*(600 kN-m/m?))’

This standard is issved under the fixed designation D 698; the pumber immedistely following the designation indicates the yesr of
original adoption ar, in the case of revision, the year of last revision. A number in parentheses indicates the yesr of last reapproval. A
superscript epsilon (¢) indiemes an editorial change since the last revision or rexpproval.

1. Scope

1.1 This test method covers laboratory compaction proce-
dures used to determine the relationship between water content
and dry unit weight of soils (compaction curve) compacted in
a 4 or 6-in. (101.6 or 152.4-mm) diameter mold with a 5.5-Ibf
(24.4-N) rammer dropped from a height of 12 in. (305 mm)
producing a compactive effort of 12,400 ft-Ibf/ft*(600 kN-mv/
).

Note 1—The equipment and procedures are simjlar as those proposed
by R. R. Proctor (Engineering News Record—September 7, 1933) with
this one major exception: his ammer blows were applied as “12 inch firm
strokes” instead of free fall, producing variable compactive effort depend-
ing on the operator, but probably in the range 15,000 to 25,000 fi-Ibf/ft®
(700 to 1,200 kN-m/m>). The standard effort test (see 3.2.2) is sometimes
referred 10 as the Proctor Test

Note 2—Soils and soil-aggregate mixtures should be regarded as
natral occurring fine- or coarse-grained soils or composites or mixtures
of namral soils, or mixwmres of natral and processed soils or aggregates
such as silt, gravel, or crushed rock.

1.2 This test method applies only to soils that have 30 % or
less by weight of particles retained on the ¥a-inch (19.0-mm)

sieve.

Note 3—For relationships between unit weights and water contents of
soils with 30 % or less by weight of material retained on the ¥e-in.
(19.0-mm) sieve 10 unit weights and water contents of the fraction passing
Ya-in. (19.0-mm) sieve, see Practice D 4718,

1.3 Three alternative procedures are provided. The proce-
dure used shall be as indicated in the specification for the
material being tested. If no procedure is specified, the choice
should be based on the material gradation.

1.3.1 Procedure A:

1.3.1.1 Mold—4-in, (101.6-mm) diameter.

1.3.1.2 Material—Passing No. 4 (4.75-mm) sieve.

1.3.1.3 Layers—Three. .

1.3.1.4 Blows per layer—25.

1.3.1.5 Use—May be used if 20 % or less by weight of the
material is retained on the No. 4 (4.75-mm) sieve.

1.3.1.6 Other Use-—1If this procedure is not specified, mate-
rials that meet these gradation requirements may be tested
using Procedures B or C.

! This test method is under the jurisdiction of ASTM Committee D-18 on Soil
and Rock and is the direct responsibility of Subcommitiee D18.03 on Textare,
Plasticity and Density Characteristics of Soils.

Cutrent edition approved Nov. 19, 1991. Published January 1992.

78

1.3.2 Procedure B:

1.3.2.1 Mold—4-in. (101.6-mm) diameter.

1.3.2.2 Marerial—Passing %-in. (9.5-mm) sieve.

1.3.2.3 Layers—Three.

1.3.2.4 Blows per layer—25.

13.2.5 Use—Shall be used if more than 20 % by weight of
the material is retained on the No. 4 (4.75-mm) sieve and 20 %
or less by weight of the material is retained on the 3-in.
(9.5-mm) sieve.

1.3.2.6 Other Use—If this procedure is not specified, mate-
rials that meet these gradation requirements may be tested
using Procedure C.

1.3.3 Procedure C:

1.3.3.1 Mold—6-in. (152.4-mm) diameter.

1.3.3.2 Material—Passing ¥s-inch (19.0-mm) sieve.

1.3.3.3 Layers—Three.

1.3.3.4 Blows per layer—56.

1.3.3.5 Use—Shall be used if more than 20 % by weight of
the material is retained on the 3-in. (9.5-mm) sieve and less
than 30 % by weight of the material is retained on the ¥4-in.
(19.0-mm) sieve.

1.3.4 The 6-in. (152.4-mm) diameter mold shall not be used
with Procedure A or B.

Note 4—Resuits have been found to vary slightly when a material is
tested at the same compactive effort in different size molds.

1.4 If the test specimen contains more than 5 % by weight
oversize fraction (coarse fraction) and the material will not be
included in the test, comrections must be made to the unit
weight and water content of the specimen or to the appropriate
field in place density test specimen using Practice D 4718.

1.5 This test method will generally produce a well defined
maximum dry unit weight for non-free draining soils. If this
test method is used for free draining soils the maximum unit
weight may not be well defined, and can be less than obtained
using Test Methods D 4253.

1.6 The values in inch-pound units are to be regarded as the
standard. The values stated in SI units are provided for
information only.

1.6.1 In the engineering profession it is customary practice
to use, interchangeably, units representing both mass and force,
unless dynamic calculations (F = Ma) are involved. This
implicitly combines two separate systems of units, that is, the
absolute system and the gravimetric system. It is scientifically
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undesirable to combine the use of two separate systems within
s single standard. This test method has been written using
m.po\mdunits (gravimetric system) where the pound (Ibf)
re a unit of force. The use of mass (Ibm) is for
convenience of units and is not intended to convey the use is
scientifically correct. Conversions are given in the SI system in

with Practice E 380. The use of balances or scales
recording pounds of mass (Ibm), or the recording of density in
jbm/ft® should not be regarded as nonconformance with this
standard.

1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 127 Test Method for Specific Gravity and Absorption of
Coarse Aggregate?

C 136 Method for Sieve Analysis of Fipe and Coarse

" Aggregate?

D 422 Test Method for Particle Size Analysis of Soils®

D 653 Terminology Relating to Sail, Rock, and Contained
Fluids®

D 854 Test Method for Specific Gravity of Soils®

D 1557 Test Methods for Moisture-Density Relations of
Soils and Soil Aggregate Mixtures Using 10-Ib (4.54-kg.)
Rammer and 18-in. (457 mm) Drop®

D 2168 Test Methods for Calibration of Laboratory
Mechanical-Rammer Soil Compactors®

D 2216 Test Method for Laboratory Determination of Water
(Moisture) Content of Soil, Rock and Soil-Aggregate
Mixtures®

D 2487 Test Method for Classification of Soils for Engi-
neering Purposes®

D 2488 Practice for Description of Soils (Visual-Manual
Procedure)?

D 4220 Practices for Preserving and Transporting Soil
Samples®

D 4253 Test Methods for Maximum Index Density of Soils
Using a Vibratory Table?

D 4718 Practice for Comection of Unit Weight and Water
Content for Soils Containing Oversize Particles®

D 4753 Specification for Evaluating, Selecting and Speci-
fying Balances and Scales For Use in Soil and Rock
Testing®

E1 Specification for ASTM Thermometers*

E 11 Specification for Wire-Cloth Sieves for Testing Pur-

poses®

E 319 Practice for the Evaluation of Single-Pan Mechanical
Balances®

E 380 Practice for Use of the International System of Units
(SD) (the Modemized Metric System)®

’AMM#MM.WN.&.
! Annual Book of ASTM Ssandards, Vol 04.08.
o

s 4 nn

-y
3 Anmecl Book of ASTM Ssandards, Vol 14.02.
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3. Terminology

3.1 Defmitions: See Terminology D 653 for general defini-
tions. o

3.2 Description of Terms Specific to This Standard:

3.2.1 oversize fraction (coarse fraction), P. in % _.
portion of total sample not used in performing the compaction

© test; it may be the portion of total sampie retained on the No.
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4 (4.75-mm), %-in. (9.5-mm), or ¥&-in. (19.0-mm) sieve. -

3.22 standard effort—he term for the 12,400 ft-Ibf/ft(600
kN-m/m®) compactive effort applied by the equipment and
procedures of this test,

3.2.3 standard maximum dry unit weight, Yome, in bt
(kN/m’)—the maximum vaiue defined by the compactior
curve for a compaction test using standard effort.

3.2.4 siandard optimum water content, w, in %—the water
content at which a soil can be compacted to the maximum dr:
unit weight using standard compactive effort.

3.2.5 rest fraction (finer fraction), P, in %—the portion of
the total sample used in performing the compaction test; it i -
the fraction passing the No. 4 (4.75-mm) sieve in Procedure A
minus 34-in. (9.5-mm) sieve in Procedure B, or minus ¥-in.
(19.0-mm) sieve in Procedure C.

4. Summary of Test Method

4.1 A soil at a selected water content is placed in three
layers into a mold of given dimensions, with each laye-
compacted by 25 or 56 blows of a 5.5-1bf (24.4-N) ramm
dropped from a distance of 12-in. (305-mm), subjecting the sou
to a total compactive effort of about 12,400 ft-Ibf/ft® (600
kN-mvm®). The resulting dry unit weight is determin
procedure is repeated for a sufficient pumber of water
to establish a relationship between the dry unit weight ana the

‘water content for the soil. This data, when plotted, represents—

curvilinear relationship known as the compaction curve. Tl
values of optimum water content and standard maximum dry
unit weight are determined from the compaction curve,

§. Significance and Use

5.1 Soil placed as engineering fill (embankments, founda-
tion pads, road bases) is compacted to a dense state to obtain
satisfactory engineering properties such as, shear streng
compressibility, or permeability. Also, foundation soils o.
often compacted to improve their engineering properties.
Laboratory compaction tests provide the basis for determini™ ;
the percent compaction and water countent needed to achie
the required engineering properties, and for controlling con-
struction to assure that the required compaction and water
contents are achieved.

5.2 During design of an engineered fill, shear, consolidatic ..,
permeability, or other tests require preparation of test speci-
mens by compacting at some water content to some Ut
weight. It is common practice to first determine the optim 1
water content (w,) and maximum dry unit weight (Yg,.,.,) by
means of a compaction test. Test specimens are
a selected water content (w), either wet or dry of optimum ()
or at optimum (w,), and at a selected dry unit weight 0
a percentage of maximum dry unit weight (y,, .be
selection of water content (w), either wet or dry of optim™ a
(W,) Or a1 OPUIMUIN (W) MMl WK Way wsis weight (Jomm) ===y =




' I

¢ D698

based on past experience, or a range of vaiues may be
investigated to determine the necessary percent of compaction.

6. Apparatus

6.1 Mold Assembly—The molds shall be cylindrical in
shape, made of rigid metal and be within the capacity and
dimensions indicated in 6.1.1 or 6.1.2 and Fig. 1 and Fig. 2.
The walls of the mold may be solid, split, or tapered. The
“split” type may consist of two half-round sections, or a section
of pipe split along one element, which can be securely locked
together to form a cylinder meeting the requirements of this
section. The “tapered” type shall an internal diameter taper that
is uniform and not more than 0.200 in/ft (16.7- mm/m) of
mold beight. Each mold shall have a base plate and an
extension collar assembly, both made of rigid metal and
constructed so they can be securely attached and easily
detached from the mold. The extension coilar assembly shall
have a height extending above the top of the moid of at least
2.0 in. (50.8-mm) which may include an upper section that
flares out to form a funnel provided there is at least a 0.75 in.
(19.0-mm) straight cylindrical section beneath it. The exten-
sion collar shall align with the inside of the mold. The bottom
of the base plate and bottom of the centrally recessed area that
accepts the cylindrical mold sball be planar.

6.1.1 Mold, 4 in—A mold baving a 4.000 = 0.016-in.
(101.6 = 0.4-mm) average inside diameter, a height of 4.584 =
0.018-in. (116.4 = 0.5-mm) and a volume of 0.0333 * 0.0005
ft* (944 = 14 cm®). A mold assembly having the minimum
required features is shown in Fig. 1.

6.1.2 Mold, 6 in—A mold having a 6.000 = 0.026-in.
(152.4 = 0.7-mm) average inside diameter, a height of 4.584 =
0.018-in. (116.4 = 0.5-mm), and a volume of 0.075 = 0.0009
f® (2124 = 25 cm®). A mold assembly baving the minimum
required features is shown in Fig. 2.

6.2 Rammer—A rammer, either manually operated as de-
scribed further in 6.2.1 or mechanically operated as described
in 6.2.2. The rammer shall fall freely through a distance of 12
* 0.05-in. (304.8 = 1.3-mm) from the surface of the specimen.
The mass of the rammer shall be 5.5 = 0.02-lbm (2.5 =
0.01-kg), except that the mass of the mechanical rammers may
be adjusted as described in Test Methods D 2168, see Note 5.
The striking face of the rammer shall be planar and circular,
except as noted in 62.2.1, with a diameter when new of 2.000
* 0.005-in. (50.80 = 0.13-mm). The rammer shall be replaced
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if the striking face becomes worn or bellied to the extent that
the diameter exceeds 2.000 = 0.01-in. (50.80 = 0.25-mm).

Noms 5—It is a common and acceptable practice in the inch-pound
system to assume that the mass of the rammer is equal 1o its mass
determined using either a kilogram or pound balance and 1 1bf is equal to
1 1bm or 0.4536 kg. or 1 N is equal to 0.2248 Ibm or 0.1020 kg.

6.2.1 Manual Rammer—The rammer shall be equipped
with a guide sleeve that has sufficient clearance that the free
fall of the rammer shaft and head is not restricted. The guide
sleeve shall have at least four vent holes at each end (eight
holes total) located with centers ¥4 = Ye-in. (19.0 = 1.6-mm)
from each end and spaced 90 degrees apart. The minimum
diameter of the vent holes shall be ¥%-in. (9.5-mm). Additional
holes or slots may be incorporated in the guide sleeve.

6.2.2 Mechanical Rammer-Circular Face—The. rammer
shall operate mechanically in such a manner as to provide
uniform and complete coverage of the specimen surface. There
shall be 0.10 =+ 0.03-in. (2.5 = 0.8-mm) clearance between the
rammer and the inside surface of the mold at its smallest
diameter. The mechanical rammer shall meet the calibration
requirements of Test Methods D 2168. The mechanical rammer
shall be equipped with a positive mechanical means to support
the rammer when not in operation.

6.2.2.1 Mechanical Rammer-Sector Face—When used with
the 6-in. (152.4-mm) mold, a sector face rammer may be used
in place of the circular face rammer. The specimen contact face
shall have the shape of a sector of a circle of radius equal to
2.90 * 0.02-in. (73.7 = 0.5-mm). The rammer shall operate in
such a manner that the vertex of the sector is positioned at the
center of the specimen.

6.3 Sample Extruder (optional)—A jack, frame or other
device adapted for the purpose of extruding compacted speci-
mens from the mold.

6.4 Balance—A class GP5 balance meeting the require-
meats of Specification D 4753 for a balance of 1-g readability.

6.5 Drying Oven—Thermostatically controlied, preferably
of a forced-draft type and capable of maintaining a uniform
temperature of 230 = 9°F (110 = 5°C) throughout the drying
chamber.

6.6 Straightedge—A stiff metal straightedge of any conve-
nient length but not less than 10-in. (254-mm). The total length
of the straightedge shall be machined straight to a tolerance of
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+0.005-in. (£0.1-mm). The scraping edge shall be beveled if
it is thicker than Y4-in. (3-mm).

6.7 Sieves—Ye-in. (19.0-mm), %-in. (9.5-mm), and No. 4
(4.75-mm), conforming to the requirements of Specification
E 2{; Mixing Tools—Miscellaneous tools such as mixing pan,
spoon. trowel, spatula, etc., or a suitable mechanical device for
thoroughly mixing the sample of soil with increments of water.

7. Calibration

7.1 Perform calibrations before initial use, after repairs or
other occurrences that might affect the test results, at intervals
not exceeding 1,000 test specimens, or annually, whichever
occurs first, for the following apparatus:

7.1.1 Balance—Evaluate in accordance with Specification
D 4753.

1.1.2 Molds—Determine the volume as described in Annex
Al.

1.1.3 Manual Rammer—Verify the free fall distance, ram-
mer mass, and rammer face in accordance with Section 6.2
Verify the guide sleeve requirements in accordance with
Section 6.2.1.

7.1.4 Mechanical Rammer—Calibrate and adjust the me-
chanical rammer in accordance with Test Methods D 2168. In
addition, the clearance between the rammer and the inside
surface of the mold shall be verified in accordance with 6.2.2.

8. Test Sample

8.1 The required sample mass for Procedures A and B is
approximately 35-Ibm (16-kg), and for Procedure C is approxi-
mately 65-Ibm (29-kg) of dry soil. Therefore, the field sample
should have a moist mass of at least 50-1bm (23-kg) and
100-1bm (45-kg), respectively.

8.2 Determine the percentage of material retained on the
No. 4 (4.75-mm), ¥%-in. (9.5-mm), or ¥a-in. (19.0-mm) sieve as
appropriate for choosing Procedure A, B, or C. Make this
determination by separating out a representative portion from
the total sample and determining the percentages passing the
sieves of interest by Test Methods D 422 or Method C 136. It
is only necessary to calculate percentages for the sieve or
sieves for which information is desired.

9. Preparation of Apparatus

9.1 Select the proper compaction mold in accordance with
the procedure (A, B, or C) being used. Determine and record its
mass to the nearest gram. Assemble the mold, base and
extension collar. Check the alignment of the inner wall of the
mold and mold extension collar. Adjust if necessary.

9.2 Check that the rammer assembly is in good working
condition and that parts are not loose or worn. Make any
necessary adjustments or repairs. If adjustments or repairs are
made, the rammer must be recalibrated.

10. Procedure
10.1 Soils:

10.1.1 Do not reuse soil that has been previously laboratory

compacted.
10.1.2 When using this test method for soils containing

hydrated halloysite, or where past experience with a particular
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soil indicates that resuits will be altered by air drying, use the
moist preparation method (see 10.2).

10.1.3 Prepare the soil specimens for testing in accordance
with 102 (preferred) or with 103.

10.2 Moist Preparation Method (preferred)—Withou
viously drying the sample, pass it through a No. 4 (4.75-mnl),
%-in. (9.5-mm), or ¥+-in. (19.0-mm) sieve, depending on the
procedure (A, B, or C) being used. Determine the water content
of the processed soil.

10.2.1 Prepare at least four (preferably five) specimens
having water contents such that they bracket the estimated
optimum water content. A specimen having a water content
close to optimum should be prepared first by trial additions of
water and mixing (see Note 6). Select water contents for the
rest of the specimens to provide at least two specimens wet and
two specimens dry of optimum, and water contents varying by '

about 2 %. At least two water contents are necessary on the wet
and dry side of optimum to accurately define the dry unit
weight compaction curve (see 10.5). Some soils with very high
optimum water content or a relatively flat compaction curve'
may require larger water content increments to obtain a well
defined maximum dry unit weight. Water content increments

should not exceed 4 %.

Note 6—With practice it is usually possible to visually judge a wm.
pear optimum water content. Typically, soil at optimum water content can
be squeezed into a8 lump that sticks together when hand pressure i
released, but will break cleanly into two sections when “bent”. At
contents dry of optimum soils tend to crumbie; wet of optimum soils
to stick together in a sticky cohesive mass. Optimum water content is
typically slightly less than the plastic limit

10.2.2 Use approximately 5-lbm (2.3-kg) of the si
for each specimen to be compacted using Procedure A
13-1bm (5.9-kg) using Procedure C. To obtain the specimen
water contents selected in 10.2.1, add or remove the i
amounts of water as follows: to add water, spray it into the so
during mixing; to remove water, allow the soil to dry in air at
ambient temperature or in a drying apparatus such that
temperature of the sample does not exceed 140°F (60°C). Mi
the soil frequently during drying to maintain an even wate
content distribution. Thoroughly mix each specimen to ensure
even distribution of water throughout and then place in
separate covered container and allow to stand in
with Table 1 prior to compaction. For the purpose of selecting
a standing time, the soil may be classified using Test Me
D 2487, Practice D 2488 or data on other samples from
same material source. For referee testing, classification shall
by Test Method D 2487.

103 Dry Preparation Method—If the sample is too damp
be friable, reduce the water content by air drying until
material is friable. Drying may be in air or by the use of drying
apparatus such that the temperamre of the sample does
exceed 140°F (60°C). Thoroughly break up the aggregations
such a manner as to avoid breaking individual particles. P

TABLE 1 Required Standing Times of Molsturized Speci

Classification Minimum Standing
GW, GP, SW, SP No Requirement
GM, SM 3
AR other soils 18 ’
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TABLE 2 Metric Equivalents for Figs. 1 and 2

n mm
0.018 0.41
0.026 0.66
0.032 0.81
0.028 [sg]
% 1270
2% ' 63.50
% €6.70
4 101.60
4% 114.30
4.584 116.43
4%, 120.80
6 152.40
6% 165.10
6% 168.30
6¥a 171.40
8% 209.60
o cm®

Ao (0.0333) 943

0.0005 14

{0.0750) 2,124

0.0011 a

the material through the appropriate sieve: No. 4 (4.75-mm),
%-in. (9.5-mm), or ¥-in. (19.0-mm). When preparing the
material by passing over the %-in. sieve for compaction in the
6-in. mold, break up aggregations sufficiently to at least pass
the a-in. sieve in order to facilita.te the distribution of water
throughout the soil in later mixing

10.3.1 Prepare at least four (preferably five) specimens in
accordance with 10.2.1.

10.3.2 Use approximately 5-lbm (2.3-kg) of the sieved soil
for each specimen to be compacted using Procedure A or B, or
13-1bm (5.9-kg) using Procedure C. Add the required amounts
of water to bring the water contents of the specimens to the
values selected in 10.3.1. Follow the specimen preparation
procedure specified in 10.2.2 for drying the soil or adding
water into the soil and curing each test specimen.

10.4 Compaction—After curing, if required, each specimen
shall be compacted as follows:

10.4.1 Determine and record the mass of the mold or mold
and base plate.

10.4.2 Assembie and secure the mold and collar to the base
plate. The mold shall rest on a uniform rigid foundation, such
as provided by a cylinder or cube of concrete with a mass of
not less than 200-Ibm (91-kg). Secure the base plate to the rigid
foundation. The method of attachment to the rigid foundation
shall allow easy removal of the assembled mold, collar and
base plate after compaction is completed.

10.4.3 Compact the specimen in three layers. After compac-
tion, each layer should be approximately equal in thickness.
Prior to compaction, place the loose soil into the mold and
spread into a layer of uniform thickness. Lightly tamp the soil
prior to compaction umtil it is not in a fluffy or loose state, using
either the manual compaction rammer or a 2-in. (5-mm)
diameter cylinder. Following compaction of each of the first
two layers, any soil adjacent to the mold walls that has not been
compacted or extends above the compacted surface shall be
trimmmed. The trimmed soil may be included with the additional
soil for the next layer. A knife or other suitable device may be
used. The total amount of soil used shall be such that the third

compacted layer slighly extends into the collar, but does not
exceed Ye-in, (6-mm) above the top of the mold. If the third
layer does extend above the top of the mold by more than Ye-in.
{6~-mm), the specimen shall be discarded. The specimen shall
be discarded when the last blow on the rammer for the third
layer results in the bottom of the rammer extending below the
top of the compaction mold.

10.4.4 Compact each layer with 25 biows for the 4-in.
(101.6-mm) mold or with 56 blows for the 6-in. (152.4-mm) .
mold.

Note 7—When compacting specimens wetter than optimum water
content, uneven compacted surfaces can occur and operator judgement is
required as to the average height of the specimen.

10.4.5 In operating the manual rammer, take care to avoid
lifting the guide sleeve during the rammer upstroke. Hold the
guide sleeve steady and within 5° of vertical. Apply the blows
at a uniform rate of approximately 25 blows/min and in such a
manner as to provide complete, uniform coverage of the
specimen surface.

10.4.6 Following compaction of the last layer, remove the
collar and base plate from the mold, except as noted in 10.4.7.
A knife may be used to trim the soil adjacent to the collar to
loosen the soil from the collar before removal to avoid
disrupting the-soil below the top of the mold.

10.4.7 Carefully trim the compacted specimen even with the
top of the mold by means of the straightedge scraped across the
top of the mold to form a plane surface even with the top of the
mold. Initial trimming of the specimen above the top of the
mold with a knife may prevent the soil from tearing below the
top of the mold. Fill any holes in the top surface with unused
or trimmed soil from the specimen, press in with the fingers,
and again scrape the straightedge across the top of the moid.
Repeat the appropriate preceding operations on the bottom of !
the specimen when the mold volume was determined without
the base plate. For very wet or dry soils, soil or water may be
lost if the base plate is removed. For these simations, leave the
base plate attached to the mold. When the base plate is left
attached, the volume of the mold must be calibrated with the
base plate attached to the mold rather than a plastic or glass
plate as noted in Annex Al, Al.4.

10.4.8 Determine and record the mass of the specimen and
mold to the nearest gram. When the base plate is left attached,
determine and record the mass of the specimen, mold and base
plate to the nearest gram.

10.4.9 Remove the material from the mold. Obtain a speci-
men for water content by using either the whole specimen
(preferred method) or a representative portion. When the entire
specimen is used, break it up to facilitate drying. Otherwise,
obtain a portion by slicing the compacted specimen axially
through the center and removing about 500-g of material from .
the cut faces. Obtain the water content in accordance with Test
Method D 2216.

10.5 Following compaction of the last specimen, compare
the wet unit weights to ensure that a desired pattern of
obtaining data on each side of the optimum water content will
be attained for the dry unit weight compaction curve. Plotting
the wet unit weight and water content of each
specimen can be an aid in making the above evaluation. If the
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of the water content defining the maximum wet unit weight is
sufficient to ensure data on the wet side of optimum water

content for the maximum dry unit weight.

11. Calculation
—11.1 Calculate the dry unit weight and water content of each
compacted specimen as explained in 11.3 and 11.4. Plot the
values and draw the compaction curve as a smooth curve
through the points (sec example, Fig. 3). Piot dry unit weight
1o the nearest 0.1 Ibf/f® (0.2 kN/m®) and water content to the
pearest 0.1 %. From the compaction curve, determine the

timum water content and maximum dry unit weight. If more
than 5 % by weight of oversize material was removed from the
sample, caiculate the corrected optimum water content and
maximum dry unit weight of the total material using Practice
D 4718. This correction may be made to the appropriate field in
place density test specimen rather than to the laboratory test
specimen. _

11.2 Plot the 100 % saturation curve. Values of water
content for the condition of 100 % saturation can be calculated
as explained in 11.5 (see example, Fig. 3).

Nore 8—The 100 % samration curve is an aid in drawing the compac-
tion curve. For soils containing more than approximately 10 % fines at
water contents well above optimum, the two curves generally become
roughly parallel with the wet side of the compaction curve between 92 %
0 95 % saturation. Theoretically, the compaction curve cannot plot to the

* right of the 100 % samration curve. If it does, there is an error in specific

gravity, in measurements, in calculations, in test procedures, or in plotting.
Nore 9—The 100 % saturation curve is sometimes referred to as the

zero air voids curve or the complets saturation curve.

_ 11.3 Water Content, w—Calculate in accordance with Test

Method D 2216.
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11.4 Dry Unit Weights—Calculate the moist density (Eq 1),
;h;ldrydmity(aqm.mdmudxym:weigm(sqs)as '
OLOWS:

(M, ~ M)
Pa = TTOROV
where
Ppm = moist density of compacted specimen, Mg/m®,
M, = mass of moist specimen and mold, kg, :
M., = mass of compaction mold, kg, and '
V= volume of compaction mold, m*(see Annex Al)

Pa = pef(1 + W100) @
where: '
ps = dry density of compacted specimen, Mg/m®, and
w = water content,% .

Y4 = 62.43 p, in bR’ 3) .
or
Y4 = 9.807 p, in kKN/m® )
where l

Y4 = dry unit weight of compacted specimen.

11.5 To calculate points for plotting the 100 % saturation
curve or zero air voids curve select values of dry unit weight,
calculate corresponding values of water content corresponding
to the condition of 100 % saturation as follows:

o

(‘y')(Gl) - ’d

W-——(m— X 100
where:
W, = water content for complete satration, %, -
Yo = unit weight of water, 62.43 Ibf/ft> (9.807 kn/m
Ya = dry unit weight of soil, and
G, = specific gravity of soil.

Norme 10—Specific gravity may be estimated for the test specimen on
the basis of test dat from other samples of the same soil classification and
source. Otherwise, a specific gravity test (Test Method C 127, Test
D 854, or both) is necessary.

12, Report
12.1 The report shall contain the following information:
12.1.1 Procedure used (A, B, or C).
12.1.3 As received water content if determined. ml
12.1.4 Standard optimum water content, to the
0.5 %.
0.5 Tbi/fe.
12.1.6 Description of rammer (manual or mechanical).
12.1.7 Soil sieve data when applicable for determination o
12.1.8 Description of material used in test, by Pract
D 2488, or classification by Test Method D 2487.
12.1.9 Specific gravity and method of determination.
location, depth, and the like.
12.1.11 Compaction curve plot showing compaction poi
undmanbﬁshcompacﬁmanve.mdlm%nu:-::'

12.1.2 Preparation method used (moist or dry).
12.1.5 Standard maximum dry unit weight, to the nr.uts'
procedure (A, B, or C) used.
12.1.10 Origin of material used in test, for example,
T
A
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curve, point of maximum dry unit weight and optimum water
content.

12.1.12 Oversize correction data if used, including the
oversize fraction (coarse fraction), P, in %.

13. Precision and Bias

13.1 Precision—Data are being evaluated to determine the
precision of this test method. In addition, pertinent data is
being solicited from users of the test method

13.2 Bias—It is not possible to obtain information on bias

because there is no other method of determining the values of
standard maximum dry unit weight and optimum water
content.

14. Keywords

14.1 NT—impact compaction using standard effort; RT—
density; RT—moisture-density curves; RT-—proctor test; UF—
compaction characteristics; UF—soil compaction; USE—
laboratory tests

ANNEX

(Mandatory Information)

Al. VOLUME OF COMPACTION MOLD

Al.l Scope

Al.1.l1 This annex describes the procedure for determining
the volume of a compaction mold.

Al.1.2 The volume is determined by a water-filled method
and checked by a linear-measurement method.

Al2 Apparatus
Al.2.1 In addition to the apparatus listed in Section 6 the

following items are required:
Al2.1.1 Vernier or Dial Caliper—having a measuring
range of at least 0 to 6 in. (0 to 150 mm) and readable to at least

0.001 in. (0.02 mm).

Al1.2.1.2 Inside Micrometer—having a measuring range of |

at least 2 to 12 in. (50 to 300 mm) and readable to at least 0.001
in. (0.02 mm).

Al.2.13 Plasdc or Glass Plates—Two plastic or glass
plates approximately 8 in. square by Y4 in. thick (200 by 200
mm by 6 mm).

Al.2.1.4 Thermometer—0 to 50°C range, 0.5°C
graduations, conforming to the requirements of Specification
El

Al.2.1.5 Stopcock grease or similar sealant.

Al.2.1.6 Miscellaneous equipment—Bulb syringe, towels,
etc.

Al3 Precautions

Al.3.1 Perform this procedure in an area isolated from
drafts or extreme temperature flucations.

Al.4 Procedure

Al.4.1 Water-Filling Method:

Al.4.1.1 Lightly grease the bottom of the compaction mold
and place it on one of the plastic or glass piates. Lightly grease
the top of the mold. Be careful not to get grease on the inside
of the mold. If it is necessary to use the base plate, as noted in
10.4.7, place the greased moid onto the base plate and secure
with the locking studs.

Al.4.1.2 Determine the mass of the greased mold and both
plastic or glass plates to the nearest 0.01-Ibm (1-g) and record.
When the base plate is being used in lieu of the bottom plastic

or glass plate determine the mass of the mold, base plate and a
single plastic or glass plate to be used on top of the mold to the
nearest 0.01-Ibm (1-g) and record.

Al.4.1.3 Place the mold and the bottom plastic or glass
plate on a firm, level surface and fill the mold with water to
slightly above its rim.

A1.4.1.4 Slide the second plate over the top surface of the
mold so that the mold remains completely filled with water and
air bubbles are not entrapped. Add or remove water as
necessary with a bulb syringe.

Al.4.15 Completely dry any excess water from the outside
of the mold and plates.

Al.4.1.6 Determine the mass of the mold, plates and water
and record to the nearest 0.01-Ibm (1-g).

Al1.4.1.7 Determine the temperature of the water in the
mold to the nearest 1°C and record. Determine and record the
absolute density of water from Table Al.1.

Al1.4.1.8 Calculate the mass of water in the mold by
subtracting the mass determined in Al.4.1.2 from the mass
determined in A1.4.1.6.

Al.4.19 Calculate the volume of water by dividing the
mass of water by the densxtyofwaterandrecordtodxcneuu&
0.0001 ft* (1 em’).

Al1.4.1.10 Whenthebaseplamlsusedforthccah"branonof
the mold volume repeat Al.4.1.3-A1.4.1.9. 1

Al1.4.2 Linear Measurement Method: i

Al.4.2.]1 Using either the vemier caliper or the inside .
micrometer, measure the diameter of the mold 6 times at the

TABLE A1.1 Density of Water*

Temperanxs, *°C (°F) Density of Water, gml
18 (64.4) 0.98882
19 (66.2) 0.99843
20 (68.0) 0.99823
21 (89.8) 0.99802
2 @19 09071
23 (13.4) 0.99756
24752 0.99733
25 (77.0) 0.99707
28 (78.6) 099681 L

“\/akses other than shown may be obtsined by referring 10 the Handbook of
Chemistry and Physics, Chemical Rubber Publishing Co., Cleveland, Ohlo.
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0.001-in. (0.02-mm).

Al.422 Using the vernier caliper, measure the inside
height .of the mold by making three measurements equally
,pgwdamndthecimnnfmceofthemold.kmrdvaluesw
the nearest 0.001-in. (0.02-mm).

A1.4.2.3 Calculate the average top diameter, average
bottom diameter and average height.

Al.4.2.4 Calculate the volume of the moid and record to the
pearest 0.0001 fe* (1 cm®) as follows:

h
V= (ﬂz(l )(41,7;8:;,)’ (inch—pound) (ALI)
(wXh)d, + dy)?
V= 16X10) ST) (Al2)
where:
vV = volume of mold, ft’ (cm?),

The American Society for Testing end Materiais takes no pasition respecting the vaiidily of any patent rights asserted in connection
with any iem mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of intringement of such rights, are entirely their own responsibiily.

This standard is subyect to revision at any time by the rasponsibie technical committes and must be reviewed svery five yesrs and
H not revised, either reapproved or withdrawn. Your COmments are invited either for revision of this standard or for additional stancards
and shouid be addressed to ASTM Hesdquarters. Your comments will receive careful consideration at & meeting of the responsible
technical commmtes, which you may attend. If you feel that your comments have not received & fair hearing you should maks your
views known 10 the ASTM Commxitee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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h = average beight, in. (mm),

d, = average top diameter, in. (mm), '
d, = average bottom diameter, in. (mm),

Vims = constant to convert in’ to ft°, and

Vio® = constant to convert mm® to cm®.

AlS Comparison of Results

AlS.1 The volume obtained by either method should be
within the volume tolerance requirements of 6.1.1 and 6.1.2.

Al.5.2 The difference between the two methods should not
exceed 0.5 % of the nominal volume of the mold.

Al.5.3 Repeat the determination of volume if these criteria
are not met,

Al.5.4 Failure to obtain satisfactory agreement between the
two methods, even after several trials, is an indication that the l
mold is badly deformed and should be replaced.

AlS5.5 Use the volume of the mold determined using the
water-filling method as the assigned volume value for
calculating the moist and dry density (see 11.4).



: qﬂ'l'p Designation: D 1883 — 99

r.‘. 1.1 This test method covers the determination of the CBR
(California Bearing Ratio) of pavement subgrade, subbase, and
base/course materials from laboratory compacted specimens.
The test method is primarily intended for but not limited to,
evaluating the strength of cohesive materials having maximum
particle sizes less than ¥ in. (19 mm).

--Nore 1—The agency performing this test can be evaluated in accor-
dance with Practice D 3740. ]

{ Not withstanding statements on precision and bias contained in this
Standard: The precision of this test method is dependent on the compe-
tence of the personnel performing it and the suitability of the equipment
and facilides used. Agencies which meet the criteria of Practice D 3740

are generally considered capable of competent and objective testing. Users
of this method are cautioned that compliance with Practice D) 3740 does
not in itself assure reliable testing. Reliable testing depends on many
factors; Practice D 3740 provides a means of evaluating some of those
factors.

- 1.2 When materials having maximum particle sizes greater
than % in. (19 mm) are to be tested, this test method provides
for modifying the gradation of the material so that the material
used for tests all passes the Ya-in. sieve while the total gravel
( +No. 4 to 3 in.) fraction remains the same. While traditionally
this method of specimen preparation has been used to avoid the
error inherent in testing materials containing large particles in
the CBR test apparatus, the modified material may have
significantly different strength properties than the original
material. However, a large experience base has developed
using this test method for materials for which the gradation has
been modified, and satisfactory design methods are in use
based on the results of tests using this procedure.

1.3 Past practice has shown that CBR results for those
materials having substantial percentages of particles retained
on the No. 4 sieve are more variable than for finer materials.
Consequently, more trials may be required for these materials
to establish a reliable CBR.

1.4 This test method provides for the determination of the
CBR of a material at optimum water content or a range of

e e——

' This test method is under the jurisdiction of ASTM Committee D-18 on Soil
and Rock and is the direct responsibility of Subcommittee D18.08 on Special and
Conxtruction Control Tests.

Current edition spproved Feb. 10, 1999. Published May 1999. Originally
pablished a3 D 1883 — 61T. Lan previous edition D 1883 - 94.

3
4 Standard Test Method for
o CBR 1(Califorma Bearing Ratio) of Laboratory-Compacted
sl Soils :
ab This standard is issued under the fixed designation D 1883 the number immedistely following the designation indicates the year of
th original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
be- superscript epsilon (¢) indicates an editarial change since the last revision or reapproval.
a This siandard has been approved for use by agencies of the Deparvment of Defense.
108
1> Scope * water content from a specified compaction test and a specified

dry unit weight The dry unit weight is usually given as a
percentage of maximum dry unit weight from the compaction
tests of Test Methods D 698 or D 1557.

1.5 The agency requesting the test shall specify the water
content or range of water content and the dry unit weight for
which the CBR is desired. _

1.6 Unless specified otherwise by the requesting agency, or
unless it has been shown 1o have no effect on test results for the
material being tested, all specimens shall be soaked prior to
penetration.

1.7 For the determination of CBR of field compacted
materials, see Test Method D 4429.

1.8 The values stated in inch-pound units are to be regarded
as the standard. The SI equivalents shown in parentheses may
be approximate.

1.9 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this siandard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 422 Test Method for Particle-Size Analysis of Soils?

D 653 Terminology Relating to Soil, Rock, and Contained
Fluids®? - .

D 698 Test Method for Laboratory Compaction Character-
istics of Soil Using Standard Effort (12,400 ft-Ibf/ft® (600
kN-m/m?))?

D 1557 Test Method for Laboratory Compaction Character-
istics of Soil Using Modified Effort (56,000 ft-Ibf/ft®
(2,700 kN-m/m*))? ,

D 2168 Test Methods for Calibration of Laboratory
Mechanical-Rammer Soil Compactors?

D 2216 Test Method for Laboratory Determination of Water
(Moisture) Content of Soil and Rock?

D 2487 Classification of Soils for Engineering Purposes
(Unified Soil Classification System)?

D 2488 Practice for Description and Identification of Soils
(Visual-Manual Procedure)®

2 Annual Book of ASTM Standards, Vol 04.08.

*A Summary of Changes section appears at the end of this standard.
Covyrignt © ASTM, 100 Basr Husbor Drive, Wast Cormnchocken, PA 194282068, United States.
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D 3740 Practice for Minimum Requirements of Agencies
Engaged in the Testing and/or Inspection of Soil and Rock
as Used in Engineering Design and Construction?

D 4318 Test Method for Liquid Limit, Plasuc Limit, and
Plasticity Index of Soils?

D 4429 Test Method for CBR (California Bearing Ratios)
of Soils in Place?

3. Summary of Test Method

3.1 For tests performed on materials compacted to one
water content, three specimens are prepared. The specimens
are compacted using three different compactive effons to
obtain unit weights both above and below the desired unit
weight. After allowing specimens to take on water by soaking,
or other specified treatment such as curing, each specimen is
subjected to penetration by a cylindrical rod. Resuits of stress
(load) versus penetration depth are plotted to determine the
CBR for cach specimen. The CBR at the specified density is
determined from a graph of CBR versus dry unit weight.

3.2 For tests in which the resuit is 10 be determined for a
water content range, a series of specimens at each of three
compactive efforts are prepared over the range of water content
of interest. The compactive efforts are chosen to produce unit
weights above and below the desired unit weight After
allowing the specimens to take on water by soaking, or other
specified treatment such as curing, each specimen is pen-
etrated. Results are plotted to obtain the CBR for each
specimen. A plot of CBR versus unit weight for each water
content is made to determine the minimum CBR for the water
content range of interest.

4. Significance and Use

41 This test method is used to evaluate the potential
strength of subgrade, subbase, and base course material,
including recycled materials for use in road and airfield
pavements. The CBR value obtained in this test forms an
integral part of several flexible pavement design methods.

4.2 For applications where the effect of compaction water
content on CBR is small, such as cohesionless, coarse-grained
materials, or where an allowance is made for the effect of
differing compaction water contents in the design procedure,
the CBR may be determined at the optimum water content of
a specified compaction effort. The dry unit weight specified is
normally the minimum percent compaction allowed by the
using agency's field compaction specification.

4.3 For applications where the effect of compaction water
content on CBR is unknown or where it is desired to account
for its effect, the CBR is determined for a range of water
content, usually the range of water content permitted for field
compaction by using agency’s field compaction specification.

4.4 The criteria for test specimen preparation of self ce-
menting (and other) materials which gain strength with time
must be based on a geotechnical engineering evaluation. As
directed by the engineer, self cementing materials shall be
properly cured until bearing ratios representing long term
service conditions can be measured.

| S. Apparatus
5.1 Loading Machine—The loading machine shall be

- have a center hole of approximately 2'in. (53.98 mm).
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equipped with a movable head or base that travels at a uniforn
(not pulsating) rate of 0.05 in. (1.27 mm)/min for use in forcing
the penetration piston into the specimen. The machine shall be
equipped with a load-indicating device that can be read
Ibf (44 N) or less. The minimum capacity of the }
machine shall be based on the requirements indicated
1. T

5.2 Mold—The mold shall be a rigid metal cylinder with ap
inside diameter of 6 = 0.026 in. (152.4 > 0.66 mm) and 3
height of 7 = 0.018 in. (177.8 = 0.46 mm). It shall be provided
with a metal extension collar at least 2.0 in. (50.8 mm) in
height and a metal base plate having at least twenty eight
Yein. (1.59-mm) diameter holes uniformly spaced over the|
plate within the inside circumference of the mold.
assembled with spacer disc in place in the bottom of the mold,
the mold shall have an internal volume (excluding extensi
collar) of 0.075 = 0.0009 ft (2124 = 25 cm). Fig. 1 shows
satisfactory mold design. A calibration procedure should
used to confirm the actual volume of the moid with the spacer
disk inserted. Suitable calibrations are contained in Ti
Methods D 698 and D 1557.

5.3 Spacer Disk—A circular metal spacer disc (see Fig. 1
having a minimum outside diameter of 5%¢ in. (150.8 mm
but no greater than will allow the spacer to easily slip into
mold. The spacer disc shall be 2.416= 0.005 in. (61.37
0.127 mm) in height.

5.4 Rammer—A rammer as specified in either Test Meth
D 698 or D 1557 except that if a mechanical rammer is used
must be equipped with a circular foot, and when so equip
must provide a means for distributing the rammer
uniformly over the surface of the soil when compacy
6-in. (152.4-mm) diameter moid. The mechanical ram
be calibrated and adjusted in accordance with Test Me
D 2168. '

5.5 Expansion-Measuring Apparatus— An adjustable me
stem and perforated metal plate, similar in configuration to th
shown in Fig. 1. The perforated plate shall be 5% to 5% in.
{149.23 to0 150.81 mm) in diameter and have at least forty-
Ye-in. (1.59-mm) diameter hoies uniformly spaced over
plate. A metal ripod to support the dial gage for measuring the
amount of swell during soaking is also required.

5.6 Weights—One or two annular metal weights havi:!
total mass of 4.54 * 0.02 kg and slotted metal weights
having masses of 2.27 + 0.02 kg. The annular weight shall be
5% to 5'%s in. (149.23 to 150.81 mm) in diameter and

5.7 Penetration Piston—A metal piston 1.954 % 0.005 in. '
(49.63 * 0.13 mm) in diameter and ot less than 4 in. (1 '
mm) long (see Fig. 1). If, from an operational standpoint.!
advantageous to use a piston of greater length, the lon
piston may be used. '

5.8 Gages—Two dial gages reading to 0.001 in. (0.025 u')

TABLE 1 Minimum Load Capacity

Maximum Measurable CBR Minimum Load Capacity
() (
20 2500
50 5000
>50 10 000

T
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TABSLE 2 Metric Equivaients
nch-Pound Metrc inch-Pound Metnc Inch-Pound Metnc
n. Equrvalent, Equwvaient, Ak valent,
Unas, phing Unets, n. mem Units, in. Ewm
00 0.076 e 15.08 I 88.90
0.005 0127 % 15.88 3w 95.25
' 0.135 3.43 ¥ 19.10 4Y, 108.0
' 0201 51 183 2381 4% 1143
0.4375 nn 1 25.40 2 120.7
04378 1n.12 1% 2858 5% 1492
0510 12.95 1Y 318 5% 150.8
0.633 16.08 1% 349 6 152.0
1.370 34.60 14 38.10 [ 158.0
1375 34.93 1% 45 8w 165.1
1.954 49.63 1% 48.04 7 177.8
L 2416 61.37 11804 4921 % 190.1
- e 159 2 50.80 8% 2127
' 1T 5.56 2% §3.98 8¥2 2159
e 635 2% 55.9 % 2381
% : 9.53 2% 572 14% 3620
The 1nn 2% 63.50 18 4572
W 1.91 P 69.85 32v% 7192
Y 12.70 Va2 75.41 36% 930.3
(17 13.49 3 76.20 39 990.6
Inch-Pounad Metnc Inch-Pound Metrc
Units, ib Equivalent, kg Untts, psi Equivaient, MPg
0.04 0.02 200 14
0.05 0.02 400 28
0.12 0.05 800 4.1
0.59 027 800 5.5
o.n 0.32 1000 6.9
0.75 0.34 1200 8.3
3.20 1.45 1400 9.7
5.00- 227
10.00 4.54

with a range of 0.200 minimum.
5.9 Miscellaneous Apparatus—Other general apparaws
such as a mixing bowl, straightedge, scales, soaking tank or

‘pan, oven, fast filtering high wet strength filter paper, dishes,

and 2-in., ¥-in. and No. 4 sieves.

6. Sample

6.1 The sample shall be handled and specimen(s) for com-

paction shall be prepared in accordance with the procedures
given in Test Methods D 698 or D 1557 for compaction in a
6-in. (152.4-mm) mold except as follows:
" 6.1.1 If all material passes a Ya-in. (19-mm) sieve, the entire
gradation shall be used for preparing specimens for compaction
without modification. If there is material retained on the Ya-in.
(19-mm) sieve, the material retained on the ¥a-in. (19-mm)
sieve shall be removed and replaced by an equal amount of
material passing the ¥a-in. (19-mm) sieve and retained on the
No. 4 sieve obtained by separation from portions of the sample
not otherwise used for testing.

7. Test Specimens

1.1 Bearing Ratio at Optimum Water Content Only—Using
material prepared as described in 6.1, conduct a control
compaction test with a sufficient number of test specimens to
definitely establish the optimum water content for the soil
using the compaction method specified, either Test Methods
D698 or D 1557. A previously performed compaction test on
the same material may be substimuted for the compaction test
J“!tdescnbed,pmvxdeddmnfthesampleconmnsmamml
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retained on the Ya-in. (19-mm) sieve, soil prepared as describe«
in 6.1 is used (Note 1).

Nore 2—Maximum dry unit weight obtained from a compaction te:
performed in a 4-in. (101.6-mm) diameter mold may be slightly great
than the maximum dry unit weight obtained from compaction in the 6-i:
(152.4-mm) compaction moid or CBR moild.

7.1.1 For cases where the CBR is desired at 100 % max
mum dry unit weight and optimum water content, compact
specimen using the specified compaction procedure, either Te:
Methods D 698 or D 1557, from soil prepared to within =0.
percentage point of optimum water content in accordance wii
Test Method D 2216.

Nore 3—Where the maximum dry unit weight was determined fro
compaction in the 4-in. (101.6-mm) mold, it may be necessary to comp:
specimens as described in 7.1.2, using 75 blows per layer or some otk
value sufficient to produce a specimen having a density equal to or grea: \
than that required. |

7.1.2 Where the CBR is desired at optimum water conte
and some percentage of maximum dry unit weight, compz
three specimens from soil prepared to within =0.5 percenta:
point of opimum water content and using the specific:
compaction but using a different number of blows per layer {
each specimen. The number of blows per layer shall be vari
as necessary to prepare specimens having unit weights abo
and below the desired value. Typically, if the CBR for soil
95%ofmaximmndryunitisdcsired,specimcnscompact
using 56, 25, and 10 blows per layer is sansfactory Penetran
shall be performed on each of these specimens.
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Note 1—See Table 2 for metric equivalents.
FIG. 1 Bearing Ratlo Test Apparatus

7.2 Bearing Ratio for a Range of Water Content—Prepare
specimens in a manner similar to that described in 7.1 except
that each specimen used to develop the compaction curve shall
be penetrated. In addition, the complete water content-unit
weight relation for the 25-blow and 10-blow per layer com-
pactions shall be developed and each test specimen compacted
shall be penetrated. Perform all compaction in the CBR mold.
In cases where the specified unit weight is at or near 100 %
maximum dry unit weight, it will be necessary to include a
compactive effort greater than 56-blows per layer (Note 3).

Nore 4—A semilog log plot of dry unit weight versus compactive effort
usually gives a straight line relation when compactive effort in ft-IV/ft® is
plonted on the log scale. This type of plot is useful in establishing the
compactive effort and number of blows per layer needed to bracket the
specified dry unit weight and water content range.

7.2.1 If the sample is to be soaked, take a representative
sample of the material, for the determination of moisture, at the
beginning of compaction and another sample of the remaining
material after compaction. Use Test Method D 2216 to deter-
mine the moisture content. If the sample is not to be soaked,
take a moismre content sample in accordance with Test
Methods D 698 or D 1557 if the average moisture content is
desired.

7.2.2 Clamp the mold (with extension collar attached) to the
base plate with the hole for the extraction handle facing down.
Insert the spacer disk over the base plate and place a disk of
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filter paper on top of the spacer disk. Compact the soil-water
mixmre into the mold in accordance with 7.1, 7.1.1, or 7.1.
7.2.3 Remove the extension collar and carefully trim th
compacted soil even with the top of the mold by means of a
straightedge. Patch with smaller size material any holes th
may have developed in the surface by the removal of ¢
material. Remove the perforated base plate and spacer disk,
weigh, and record the mass of the mold plus compacted soil
Place a disk of coarse filter paper on the perforated base pl
invert the mold and compacted soil, and clamp the perfo
base plate to the mold with compacted soil in contact with the
filter paper. :
7.2.4 Place the surcharge weights on the perforated p|
and adjustable stem assembly and carefully lower onto the
compacted soil specimen in the mold. Apply a surcharge
to the weight of the base material and pavement within 2.27
(5 1b), but in no case shall the total weight used be less
4.54 kg (10 1b). If no pavement weight is specified, use 4.54 kg.
Immerse the mold and weights in water allowing free access
water to the top and bottom of the specimen. Take ini
measurements for swell and allow the specimen to soak for
h. Maintain a constant water level during this period. A sh
immersion period is permissible for fine grained gai
granular soils that take up moisture readily, if tests

the shorter period does not affect the results. At the
h,takeﬁnalswellmcammmcntsandcalwlamtheswell'
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percentage of the initial height of the specimen.

7.2.5 Remove the free water and allow the specimen to
drain downward for 15 min. Take care not to disturb the surface
of the specimen during the removal of the water. It may be
pecessary to tilt the specimen in order to remove the surface
water. Remove the weights, perforated plate, and filter paper,
and determine and record the mass.

-
8. Procedure for Bearing Test

‘8.1 Place a surcharge of weights on the specimen sufficient
to produce an intensity of loading equal to the weight of the
pase material. If no pavement weight is specified, use 4.54 kg
mass. If the specimen has been soaked previously, the sur-
charge shall be equal to that used during the soaking period. To
prevent upheaval of soil into the hole of the surcharge weights,
place the 2.27 kg annular weight on the soil surface prior to
seating the penetration piston, after which place the remainder

of the surcharge weights.
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Note 1—See Table 2 for metric equivalents.
FIG. 2 Correction of Load-Penetration Curves

8.2 Seat the penetration piston with the smallest possible
load, but in no case in excess of 10 Ibf (44 N). Set both the
stress and penetration gages to zero. This initial load is required
1o ensure satisfactory seating of the piston and shall be
considered as the zero load when determining the load pen-
eiration relation. Anchor the strain gage to the load measuring
device, if possible; in no case attach it to the testing machines
Support bars (legs).

Nore S—Athighlo;dsmcwppanmymuzmdaﬂeadzmding
of the penetration gage. Checking the depth of piston penetration is one
means of checking for erroncous strain indications. :

128
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8.3 Apply the load on the penetration piston so that the rate
of penetration is approximately 0.05 in. (1.27 mm)ymin.
Record the load readings at penetrations of 0.025 in. (0.64
mm), 0.050 in. (1.27 mm), 0.075 in. (1.91 mm), 0.100 in. (2.54
mm), 0.125 in. (3.18 mmy), 0.150 in. (3.81 mm), 0.175 in. (4.45
mm), 0.200 in. (5.08 mm), 0.300 in. (7.62 mm), 0.400 in.
(10.16 mm) and 0.500 in. (12.70 mm). Note the maximum load
and penetwration if it occurs for a penetration of less than 0.500
in. (12.70 mm). With manually operated loading devices, it
may be necessary to take load readings at closer intervals to
control the rate of penetration. Measure the depth of piston
penetration into the soil by putting a ruler into the indentation
and measuring the difference from the top of the soil to the
bottom of the indentation. If the depth does not closely match
the depth of penetration gage, determine the cause and test a
new sample.

8.4 Remove the soil from the mold and determine the
moisture content of the top 1-in. (25.4-mm) layer. Take :
moisture content sample in accordance with Test Method: |
D 698 or D 1557 if the average moisture content is desired '
Each moisture content sample shall weigh not less than 100 ;
for fine-grained soils nor less than 500 g for granular soils.

Note 6—The load readings at penetrations of over 0.300 in. (7.6 mm
may be omitted if the testing machine’s capacity has been reached.

9. Calculation

9.1 Load-Penetration Curve—Calculate the penetratio
stress in pounds per square inch or megapascals and plot th
stress-penetration curve. In some instances, the stresspenetre
tion curve may be concave upward initially, because of surfac
irregularities or other causes, and in such cases the zero poir
shall be adjusted as shown in Fig. 2.

Nore 7—Fig. 2 should be used as an example of cormection «
load-penetration curves only. It is not meant to imply that the 0.2-i
penetration is always more than the 0.1-in. penetration.

9.2 Bearing Rario—Using corrected stress values take
from the stress penetration curve for 0.100 in. (2.54 mm) ar
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Note 1—Surcharge = 50 Ib soaking and penetration. All samples soaked top and bottom four days. All samples compacted in 5 layers, 10-1b ham.'.
18-1n. drop in CBR moid. )
F1G. 4 Determining CBR for Water Content Range and Minimum Dry Unit Weight

0.200 in. (5.08 mm) penetrations, calculate the bearing ratios 9.4 Design CBR for Water Content Range— Plot the 'x
for each by dividing the corrected stresses by the standard  from the tests at the three compactive efforts as shown in Fig.
stesses of 1000 psi (6.9 MPa) and 1500 psi (10.3 MPa) 4. The data plotted as shown represents the response of the sgi
respectively, and multiplying by 100. Also, calculate the  over the range of water content specified. Select the CB
bearing ratios for the maximum stress, if the penetration is less  reporting as the lowest CBR within the specified water conf®at
than 0.200 in. (5.08 mm) interpolating the standard stress. The  range having a dry unit weight between the specified minimum
bearing ratio reported for the soil is normally the one at 0.100  and the dry unit weight produced by compaction withi

in. (2.54 mm) penetration. When the ratio at 0.200 in. (508  water content range.

min) penetration is greater, rerun the test. If the check test gives .

a similar result, use the bearing ratio at 8.200 in. (5.08 mm)  10. Report
penetration. 10.1 The report shall include the following: !
Note 8—If bearing ratio values at penetrations of 0.300 (7.62 mm), 10.1.1 Method used for preparation and compaction” of

0.400 (10.16 mm) and 0.500 in. (12.7 mm) are desired, the corrected stress specimen: Test Methods D 698 or D 1557, or other, with

values of these penetrations should be divided by the standard stresses of description.

1900 psi (13.1 MPa), 2300 psi (15.9 MPa), 2600 psi (17.9 MPa), 10.1.2 Condition of sample (unsoaked or soaked).

respectively, and multiplied by 100. 10.1.3 Dry density (unit weight) of sample before soaking,
9.3 Design CBR for One Water Content Only—Using the  kg/m® (Ib/ft%).

data obtained from the three specimens, plot the CBR versus 10.1.4 Dry density (unit weight) of sample

molded dry unit weight relation as illustrated in Fig. 3. kg/m (Ib/ftd).

Determine the design CBR at the percentage of the maximum 10.1.5 Moisture content of sample in percent:

dry unit weight requested. 10.1.5.1 Before compaction. l
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10.15.3 Top 1-in (25.4-mm) layer after soaking.
10.1.5.4 Average after soaking.

1.6 Swell (percentage of initial height).
= 18.1.7 Bearing ratio of sample (unsoaked or soaked), per-

T w;t(-).l.s Surcharge amount

10.1.9 Any special sample prepa_zration and testing proce-
X gures (for example: for self cementing materials).

STANDARD (D698)
[+ ] }
2
¢ 31 Ix=x) {x-x)
16.7 .8 .28
18.7 1.8 2.28
18.2 1.0 1
18.2 1.0 1
18.8 1.6 2.88
18.3 2.1 4.41
17.9 6.7 .49
—— 2
X =124.8 (x-x) 11.96
x = 17.2
3 = 11.98

IS (one sigms) = 1.41

17.2

- Umit
= 7 test repetitiens

ASTA Practice C870.

18 s = 1.41 X 100 » 8.2%

¢b D 1883

to submit data to the subcommittee for inclusion in the
statement. One user, based on seven repetitions, has developed
aIS % of 8.2 % (compacted per Test Method D 698) and 59%
(compacted per Test Method D 1557). See Appendix X1 for the
data used.

12. Keywords
12.1 This standard is indexed under the following terms:

i ) sed For, Narrower Term
10.1.10 Sample identificaton (location, boring number, mm Ratio gm ey Term
’ ubgrade Related Term, Brosder Term
e identi . Used For, Narrower Term
io 1.11 Any pertinent testing done to identify the sarpple Pavement Subbase Used For. rTom
3 soil classifications per Test Method D 2487, visual 38988 o o, Used Fo, romder Torm
:,ssiﬁcadon per Practice D 2488, Aterberg limits per Test  Base Course Used :o, M"""""T.m
Method D 4318, gradation per Method D 422 etc. . ‘s’t:'ng: r:f D::;‘ gg F: o
" ~710.1.12 The percent material retained on the in{]-in. eson Used For Narrowe
. ?19-mm) sieve for those cases where scalping and replacement Bearing me 3::3 :
is used. Beanng Ratio Used For, Broader Term
: isi i Load Penetration Curve Used For
11. Precision and Bias b yoorgel Torm
. 11.1 No available methods provide absolute values for the aEmhﬁl! sois 3:3.: Jo
soil bearing strength derived by this test methgd; thergfore. hesive Srength o For
there is no meaningful way to obtain an evaluatnon of bias. Frorire ”;mm ' 3::3 2
11.2 At present, sufficient data for determining the precision gz;mm investigations sed For
of this test method has not been gathered. Users are encouraged
APPENDIX

(Nonmandatory Information)

X1. Compactive Effort ’

MODIVIED (D1837)
can

2
ix) (x=x) (x=x)
77.0 9

3
70.2 3.8 1604
s0.8 6.8 e8.2¢
8.2 5.8 33.84
16.7 2.7 T.29
7.7 2.3 5.29
73.3 0.7 .49
x =517.9 (x-x) 116.39
x = 74.0
s = 116.39 = 19.39

I3 = 4.4

I3 % = 4.4 x 100 = 6.9%
F4-

29 % = 16.7% s

NOTRS:

= All Naterial pessed the 010 sieve

~ Over 803 of ell material pessed the 040 sieve

- Nethed A of AMETO T99 & T180 used

weights were 110 PCT + (3688) and 1223 FPCF =+ (D1887)

- The abeve data is frea ese user
- The (I8) and (D23) limits repressat the linits ss described is

F1G. X1.1 Compactive Eftort
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SUMMARY OF CHANGES
(1) Terminology D 653 was added to Section 2. (3) Section 5.1 was revised and a new Table 1 was added. Tabje
(2) Wording in Fig. 1 was changed from “equally spaced” to 2 is the former Table 1.
“uniformly spaced” to match the wording in the text. (4) This Summary of Changes section has been added.

The Amerxcan Socsaty for Testing and Materals takes no position respecting the vaiidity of any patant rights asserted in connecthon
with any tem mentoned in this stancard. Users of this standard are expressiy advissd that determination of the validity of any such
patent nghts, and the risk of infrngement of such nights, are entirely their own responsibiiity.

gx-

This standard is subject to revision at any time by the responsible technical commuttse and must be reviewed every five years and
if not revised, ather regpproved or withdrawn. Your comments are invited either for revision of this standard or for additional stanaards
and shouid be addressed to ASTM Hesoquarters. Your comments will receive careful consideration at 8 meeting of the responsibie
tachnical committee, which you may attend. If you feel that your comments have not recened a fair hearing you shouid make your
views known to the ASTM Commuttee on Standards, at the address shown beiow.

[

it

This standard is copyrightad by ASTM, 100 Barr Hardor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States. nag-p

Individual reprints (singie or muitiple copres) of this standard may be obtained by contacting ASTM at the above address or at
' 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM websits (www.astm.org). <
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qH", Designation: D 2166 - 85

Standard Test Method for

SoiL*

This standard is issued under the fixed designation D 2166; the number immediately following the designation indicates the year of
original adoption o7, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (¢) indicates an editorial change since the last revision or reapproval,

1. Scope .

1.1 This test method covers the determination
of the unconfined compressive strength of cohe-
ive soil in the undisturbed, remolded, or com-
ed condition, using strain-controlled appli-
n of the axial load.

1.2 This test method provides an approximate
value of the strength of cohesive soils in terms of
total stresses.

1.3 This test method is applicable only to
cohesive materials which will not expel bieed
water {(water expelled from the soil due to defor-
mation or compaction) during the loading por-
tion of the test and which will retain intrinsic
strength after removal of confining pressures,
such as clays or cemented soils. Dry and crumbly
soils, fissured or varved materials, silts, peats, and
sands cannot be tested with this method to obtain
valid unconfined compression strength values.

Note |—The determination of the unconsolidated,
undrained strength of cohesive soils with lateral con-
finement is covered by Test Method D 2850.

1.4 This test method is not a substitute for
Test Method D 2850.

1.5 The values stated in SI units are to be
regarded as the standard. The values stated in
inch-pound units are approximate.

1.6 This standard may involve hazardous ma-
terials, operations, and equipment. This standard
does not purport 1o addess all of the safety prob-
s associated with its use. It is the responsibil-
whoever uses this standard to consult and
ish appropriate safety and health practices

and determine the applicability of regulatory limi-
l tations prior 1o use.

I UNCONFINED COMPRESSIVE STRENGTH OF COHESIVE

2. Applicable Documents

2.1 ASTM Standards:

D 422 Method for Particle-Size Analysis of
Soils?

D 653 Terms and Symbols Relating to Soil
and Rock?

D 854 Test Method for Specific Gravity of
Soils?

D 1587 Practice for Thin-Walled Tube Sam-
pling of Soils’

D 2216 Method for Laboratory Determination
of Water (Moisture) Content of Soil, Rock,
and Soil-Aggregate Mixtures?

D 2487 Test Method for Classification of Soils
for Engineering Purposes®

D 2488 Practice for Description and Identifi-
cation of Soils (Visual-Manual Procedure)?

D 2850 Test Method for Unconsolidated, Un-
drained Compressive Strength of Cohesive
Soils in Triaxial Compression?

D 4220 Practices for Preserving and Trans-
porting Soil Samples®

D 4318 Test Method for Liquid Limit, Plastic
Limit, and Plasticity Index of Soils?

3. Terminology

3.1 Refer to Terms and Symbols D 653 for
standard definitions of terms.

' This test method is under the jurisdiction of ASTM Com-
mittee D-18 on Soil and Rock and is the direct responsibility of
Subcommiittee D18.05 on Structural Properties of Soils.

Current edition approved July 26, 1985. Published Septem-
ber 1985. Originally published as D 2166 ~ 63T. Last previous
edition D 2166 - 66 (1979)".

2 Annual Book of ASTM Standards, Vol 04.08.
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3.2 Descriptions of Terms Specific to
Standard:

3.2.1 unconfined compressive strength (g,
thq compressive stress at which an unconfi
cylindrical specimen of soil will fail in a sir
compression test. In this test method, unconfi.
compressive strength is taken as the maxim
load attained per unit area or the load per v
area at 15 % axial strain, whichever is secu
first during the performance of a test.

3.2.2 shear strength (s.J—for unconfir
compressive strength test specimens, the she
strength is calculated to be % of the compressi
stress at failure, as defined in 3.2.1,

4. Significance and Use

4.1 Th‘e primary purpose of the unconfin: |
compression test is to quickly obtain the appro
xmate_ compressive strength of soils that posse
sufficient cohesion to permit testing in the w
confined state, ’

4.2 Samples of soils having slickensided ¢
fissured structure, samples of some types of loes:
very sgft clays, dry and crumbly soils and varve.
materials, or samples containing significant pot
noqs pf silt or sand, or both (all of which usuall*
e).(hnblt cohesive properties), frequently displa;
hxgher shear strengths when tested in accordanc

w:}h Test Method D 2850. Also, unsaturatec
sol:ls will usually exhibit different shear strength:
when tested in accordance wi

s with Test Method

4.3 If both an undisturbed and a remolded
t:cs't are performed on the same sample, the sen-
sitivity of the materiai can be determined. This
method of determining sensitivity is suitable only
for soils that can retain a stable specimen shape
1n the remolded state.

Note 2—-_For soils that will not retain a stable shape,
a vane shear test or Test Method D 2850 can be used
to determine sensitivity.

5. Apparatus

5:1 Compression Device~The compression
deV{ce may be a platform weighing scale
equipped with a screw-jack-activated load yoke,
a hyc'lraulic loading device, or any other com-
pression device with sufficient capacity and con-
trol to provide the rate of loading prescribed in
7.1. For soil with an unconfined compressive
strength of less than 100 kPa (1.0 ton/ft?) the
compression device shall be capable of measuring
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nmediately following the designation indicates the year of
amber in parentheses indicates the year of last reapproval.
n or reapproval.

pplicable Documents

1 ASTM Standards:

422 Method for Particle-Size Analysis of
Soils? _
653 Terms and Symbols Relating to Soil
and Rock?

.854 Test Method for Specific Gravity of
Soils?

1 1587 Practice for Thin-Walled Tube Sam-
pling of Soils? o

» 2216 Method for Laboratory Determination
of Water (Moisture) Content of Soil, Rock,
and Soil-Aggregate Mixtures®

» 2487 Test Method for Classification of Soils
for Engineering Purposes’ ‘

3 2488 Practice for Description and Identifi-
cation of Soils (Visual-Manual Procedure)®

32850 Test Method for Unconsolidated, Un-
drained Compressive Strength of Cohesive
Soils in Triaxial Compression®

34220 Practices for Preserving and Trans-
porting Soil Samples’ _

34318 Test Method for Liquid Limit, Plastic
Limit, and Plasticity Index of Soils*

Terminology
3.1 Refer to Terms and Symbols D 653 for
ndard definitions of terms.

I This test method is under the junisdiction of ASTM Com-

tee D-18 on Soil and Rock and is the direct responsibility of

xcommittee D18.05 on Structural Properties of Soils.

Current edition approved July 26, 1985. Published Septem-
1985. Originally published as D 2166 — 63T. Last previous

tion D 2166 - 66 (1979Y".

? Annual Book of ASTM Standards, Vol 04.08.

L)

3.2 Descriptions of Terms Specific to this
Standard:

3.2.1 unconfined compressive strength (g,)—
the compressive stress at which an unconfined
cylindrical specimen of soil will fail in a simple
compression test. In this test method, unconfined
compressive strength is taken as the maximum
load attained per unit area or the load per unit
area at 15 % axial strain, whichever is secured
first during the performance of a test.

3.2.2 shear sirength (s,)—for unconfined
compressive strength test specimens, the shear
strength is calculated to be 12 of the compressive
stress at failure, as defined in 3.2.1.

4. Significance and Use

4.1 The primary purpose of the unconfined
compression test is to quickly obtain the approx-
imate compressive strength of soils that possess
sufficient cohesion to permit testing in the un-
confined state.

4.2 Samples of soils having slickensided or
fissured structure, samples of some types of loess,
very soft clays, dry and crumbly soils and varved
materials, or samples containing significant por-
tions of silt or sand, or both (all of which usually
exhibit cohesive properties), frequently display
higher shear strengths when tested in accordance
with Test Method D 2850. Also, unsaturated
soils will usually exhibit different shear strengths
when tested in accordance with Test Method
D 2850.

4.3 If both an undisturbed and a remolded
test are performed on the same sample, the sen-
sitivity of the material can be determined. This
method of determining sensitivity is suitable only
for soils that can retain a stable specimen shape
in the remolded state.

Note 2—For soils that will not retain a stable shape,

a vane shear test or Test Method D 2850 can be used
to determine sensitivity.

5. Apparatus

5.1 Compression Device—The compression
device may be a platform weighing scale
equipped with a screw-jack-activated load yoke,
a hydraulic loading device, or any other com-
pression device with sufficient capacity and con-
trol to provide the rate of loading prescribed in
7.1. For soil with an unconfined compressive
strength of less than 100 kPa (1.0 ton/ft?) the
compression device shall be capable of measuring
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the compressive stress to within 1 kPa (0.01 ton/
ft?). For soil with an unconfined compressive
strength of 100 kPa (1.0 ton/ft?) or greater, the
compression device shall be capable of measug
the compressive stress to the nearest 5 kPa (
ton/ft?). )

5.2 Sample Extruder, capable of extruding the
soil core from the sampling tube in the same
direction of travel in which the sample entered
the tube, at a uniform rate, and with negligible
disturbance of the sample. Conditions at the time l
of sample removal may dictate the direction of
removal, but the principal concern is to keep the
degree of disturbance negligible.

5.3 Deformation Indicator—The deformation
indicator shall be a dial indicator graduated to
0.03 mm (0.001 in.) or better and having a travel
range of at least 20 % of the length of the test
specimen, or some other measuring device, such
as an electronic deformation measuring device,
meeting these requirements.

5.4 Dial Comparator, or other suitable device, l
for measuring the physical dimensions of the
specimen to within 0.1 % of the measured di-
mension.

NoOTE 3-—Vernier calipers are not recommended for I
soft specimens, which will deform as the calipers are
set on the specimen.

5.5, Timer—A timing device indicating the
elapsed testing time to the nearest second shall '
be used for establishing the rate of strain appli-
cation prescribed in 7.1.

5.6 Balance—The balance used to weigh
imens shall determine the mass of the s
to within 0.1 % of its total mass.

5.7 Equipment, as specified in Method
D 2216.

5.8 Miscellaneous Apparatus, including spec-
imen trimming and carving tools, remolding ap-
paratus, water content cans, and data sheets, as
required.

6. Preparation of Test Specimens

6.1 Specimen Size—Specimens shall have a
minimum diameter of 30 mm (1.3 in.) and the '
largest particle contained within the test speci-
men shall be smaller than one tenth of the spec-
imen diameter. For specimens having a diampeter
of 72 mm (2.8 in.) or larger, the largest particle
size shall be smaller than one sixth of the speci-
men diameter. If, after completion of a test on
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an undisturbed specimen, it is found, based on
visual observation, that larger particles than per-
mitted are present, indicate this information in
the remarks section of the report of test data
(Note 4). The height-to-diameter ratio shall be
between 2 and 2.5. Determine the average height
and diameter of the test specimen using the ap-
paratus specified in 5.4. Take a minimum of
three height measurements (120° apart), and at
least three diameter measurements at the quarter
points of the height.

Note 4—If large soil particles are found in the
sample after testing, a particle-size analysis performed
in accordance with Method D 422 may be performed
to confirm the visual observation and the results pro-
vided with the test report.

6.2 Undisturbed Specimens—Prepare undis-
turbed specimens from large undisturbed sam-
ples or from samples secured in accordance with

ice D 1587 and preserved and transported
ccordance with the practices for Group C

ples in Practices D 4220. Tube specimens
may be tested without trimming except for the
squaring of ends, if conditions of the sample
justify this procedure. Handle specimens care-
fully to prevent disturbance, changes in cross
section, or loss of water content. If compression
or any type of noticeable disturbance would be
caused by the extrusion device, split the sample
tube lengthwise or. cut it off in small sections to
facilitate removal of the specimen without dis-
turbance. Prepare carved specimens without dis-
turbance, and whenever possible, in a humidity-
controlled room. Make every effort to prevent
any change in water content of the soil. Speci-
mens shall be of uniform circular cross section
with ends perpendicular to the longitudinal axis
of the specimen. When carving or trimming,
remove any small pebbles or shells encountered.
Carefully fill voids on the surface of the specimen
with remolded soil obtained from the trimmings.
When pebbles or crumbling result in excessive
irregularity at the ends, cap the specimen with a
minimum thickness of plaster of paris, hydro-
stone, or similar material. When sample condi-
tion permits, a vertical lathe that will accommo-
date the total sample may be used as an aid in
ing the specimen to the required diameter.
prevention of the development of appre-
¥ capillary forces is deemed important, seal
the specimen with a rubber membrane, thin plas-
tic coatings, or with a coating of grease or sprayed
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plastic immediately after preparation and during
the entire testing cycle. Determine the mass and
dimensions of the test specimen. If the specimen
is to be capped, its mass and dimensions should
be determined before capping. If the entire test
specimen is not to be used for determination of
water content, secure a representative sample of
cuttings for this purpose, placing them immedi-
ately in a covered container. The water content
determination shall be performed in accordance
with Method D 2216.

6.3 Remolded Specimens—Specimens may
be prepared either from a failed undisturbed
specimen or from a disturbed sample, providing
it is representative of the failed undisturbed spec-
imen. In the case of failed undisturbed speci-
mens, wrap the material in a thin rubber mem-
brane and work the material thoroughly with the
fingers to assure complete remolding. Avoid en-
trapping air in the specimen. Exercise care to
obtain a uniform density, to remold to the same
void ratio as the undisturbed specimen, and to
preserve the natural water content of the soil.
Form the disturbed material into a mold of cir-
cular cross section having dimensions meeting
the requirements of 6.1. After removal from the
mold, determine the mass and dimensions of the
test specimens.

6.4 Compacted Specimens—Specimens shall
be prepared to the predetermined water content
and density prescribed by the individual assign-
ing the test (Note 5). After a specimen is formed,
trim the ends perpendicular to the longitudinal
axis, remove from the mold, and determine the
mass and dimensions of the test specimen.

Note 5—Experience indicates that it is difficult to
compact, handle, and obtain valid results with speci-
mens that have a degree of saturation that is greater
than 90 %.

7. Procedure

7.1 Place the specimen in the loading device
so that it is centered on the bottom platen. Adjust
the loading device carefully so that the upper
platen just makes contact with the specimen.
Zero the deformation indicator. Apply the load
s0 as to produce an axial strain at a rate of '4 to
2 %/min. Record load, deformation, and time
values at sufficient intervals to define the shape

of the stress-strain curve (usually 10 to 15 points |
are sufficient). The rate of strain should be chosen .
so that the time to failure does not exceed about |

15 min (Note 6). Continue loading until the
values decrease with increasing strain, or 1
15 % strain is reached. The rate of strain usec
testing sealed specimens may be decrease.
deemed desirable for better test results. Indic
the rate of strain in the report of the test data
required in 9.1.7. Determine the water cont
of the test specimen using the entire specim.
ur!less representative cuttings are obtained
this purpose, as in the case of undisturbed spe
mens. Indicate on the test report whether t
water content sample was obtained before
after the shear test, as required in 9.1.2,
NoOTE ‘6—Sofu_3r materials that will exhibit larg
defom_\auon at failure should be 1ested at 2 higher r:
of strain. Conversely, stiff or brittle materials that w»

exhibit small deformations at failure should be test.
at a lower rate of strain.

7.? Make a sketch, or take a photo, of the te:
specimen at failure showing the slope angle ¢
the failure surface if the angle is measurable,

. 7.3 Acopyofa sample data sheet is include.
in A_ppendix X1. Any data sheet can be usec
provided the form contains all the required datz

8. Calculations

8.1 Calculate the axial strain, ¢,, to the neares:
0.1 %, for a given applied ldad, as follows:
a=A4aL/l,
where:
AL = length change of specimen as read from
fieformation indicator, mm (in.), and
Lo = initial length of test specimen, mm (in.),

8.2 Calculate the average cross-sectional area

A, for a given applied Joad, as follows: ‘
A= Ao/(1 - ¢)

where:

4o = initial average cross-sectional area of the

specimen, mm? (in.?), and

¢ = axial strain for the given load, %.

8.3 Calculate the compressive stress, o, to
three significant figures, or nearest | kPa 0.01
ton/ft’), for a given applied load, as follows:

o: = (P/A4)
where:
P = given applied load, kPa (ton/ft?),
4 = corresponding average cross-sectional area
mm? (in.2).

8.‘.1 Graph—If desired, a graph showing the

relationship between compressive stress (ordi-

339



166

stic immediately after preparation and during
entire testing cycle. Determine the mass and
rensions of the test specimen. If the specimen
> be capped, its mass and dimensions should
determined before capping. If the entire test
simen is not to be used for determination of
er content, secure a representative sample of
ings for this purpose, placing them immedi-
y in a covered container. The water content
srmination shall be performed in accordance
1 Method D 2216.
.3 Remolded Specimens—Specimens may
prepared either from a failed undisturbed
imen or from a disturbed sample, providing
representative of the failed undisturbed spec-
n. In the case of failed undisturbed speci-
is, wrap the material in a thin rubber mem-
ie and work the material thoroughly with the
srs to assure complete remolding. Avoid en-
ping air in the specimen. Exercise care to
in a uniform density, to remold to the same
ratio as the undisturbed specimen, and to
arve the natural water content of the soil.
n the disturbed material into a mold of cir-
- cross section having dimensions meeting
equirements of 6.1. After removal from the
1, determine the mass and dimensions of the
ipecimens.
t Compacted Specimens—Specimens shall
-epared to the predetermined water condent
Jensity prescribed by the individual assign-
1¢ test (Note 5). After a specimen is formed,
the ends perpendicular to the longitudinal
remove from the mold, and determine the
and dimensions of the test specimen.
ae S5—Experience indicates that it is difficult to
act, handle, and obtain valid results with speci-

that have a degree of saturation that is greater
0 %.

‘ocedure

Place the specimen in the loading device
it it is centered on the bottom platen. Adjust
yading device carefully so that the upper
1 just makes contact with the specimen.
the deformation indicator. Apply the load
to produce an axial strain at a rate of % to
nin. Record load, deformation, and time
; at sufficient intervals to define the shape
stress-strain curve (usually 10 to 15 points
Ticient). The rate of strain should be chosen
t the time to failure does not exceed about

{flh p2186 '

15 min (Note 6). Continue loading until the load

nate) and axial strain (abscissa) may be plott

values decrease with increasing strain, or until  Select the maximum value of compressive s

15 % strain is reached. The rate of strain used for

or the compressive stress at 15 % axial

testing sealed specimens may be decreased if whichever is secured first, and report as

deemed desirable for better test results. Indicate
the rate of strain in the report of the test data, as
required in 9.1.7. Determine the water content
of the test specimen using the entire specimen,
unless representative cuttings are obtained for
this purpose, as in the case of undisturbed speci-
mens. Indicate on the test report whether the
water content sample was obtained before or

after the shear test, as required in 9.1.2.

Note 6—Softer matenials that will exhibit larger
deformation at failure should be tested at a higher rate
of strain. Conversely, stiff or brittle materials that will
exhibit small deformations at failure should be tested

at a lower rate of strain.

7.2 Make a sketch, or take a photo, of the test
specimen at failure showing the slope angle of

the failure surface if the angle is measurable.

7.3 A copy of a sample data sheet is included

in Appendix X1. Any data sheet can be used,
provided the form contains all the required data.

8. Calculations

8.1 Calculate the axial strain, ¢, to the nearest
0.1 %, for a given applied load, as follows:
a=AL/L,
where: :
AL = length change of specimen as read from
deformation indicator, mm (in.), and
Lo = initial length of test specimen, mm (in.).
8.2 Calculate the average cross-sectional area,
A, for a given applied load, as follows:
A=Af(! — &)
where:
Ao = initial average cross-sectional area of the
specimen, mm? (in.2), and
e = axial strain for the given load, %.

8.3 Calculate the compressive stress, g, to
three significant figures, or nearest 1 kPa (0.01
ton/ft?), for a given applied load, as follows:

o= (P/A)
where:
P = given applied load, kPa (ton/ft?),
A = corresponding average cross-sectional area
mm? (in.%).

8.4 Graph—If desired, a graph showing the

relationship between compressive stress (ordi-
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confined compressive strength, g,. When
is considered necessary for proper interpretation
include the graph of the stress-strain data as pary
of the data reported.

8.5 If the unconfined compressive strength is
determined, the sensitivity, Sy, is calculated asl
follows:

Sr= 4. (undisturbed specimen)
T 4. (remolded specimen) l

9. Report

9.1 The report should include the following:

9.1.1 Identification and visual description of I
the specimen, including soil classification, sym-
bol, and whether the specimen is undisturbed,
remolded, compacted, etc. Also include speci-
men identifying information, such as project, I
location, boring number, sample number, depth,
etc. Visual descriptions shall be made in accord-
ance with Practice D 2488,

9.1.2 Initial dry density <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>